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Description 



IMAGE DISPLAY DEVICE, PIXEL DRIVE 
METHOD, AND SCAN LINE DRIVE 

CIRCUIT 

Background of Invention 

[0001] The present invention relates to an image display device, a 
pixel drive method and a scan line drive circuit, and more 
particularly, to a technology of contributing to higher def- 
inition of a liquid crystal display device. 

[0002] a s j S commonly known, in a display device driven by an 
active matrix drive system, as the number of display pix- 
els has been increased, the number of drive ICs has been 
increased, which may cause a cost increase. In addition, 
as definition of a screen has been enhanced, a pixel inter- 
val has been narrowed, thus making it difficult to connect 
a pixel and a drive IC to each other. Accordingly, in order 
to solve these problems simultaneously, a display device 
has been proposed, which adopts a multiplexed pixel 
structure, in which a pitch of connection terminals is in- 



creased as well as the number of drive ICs is decreased by 
applying potentials to two or more adjacent pixels from 
one data line by time division. For example, such a display 
device is disclosed in Japanese Patent Laid-Open Nos. Hei 
5 (1993)-303114 and Hei 8 (1996)-248385. 
[0003] [Problems to be solved by the invention]ln the display de- 
vice having the multiplexed pixel structure as described 
above, it is necessary to supply plural types of selection 
signals to pixels in one row in accordance with a multi- 
plexing degree of the pixels during one horizontal scan 
period. Therefore, pixels are usually selected by a combi- 
nation of scan lines of other systems in accordance with 
the multiplexing degree of the pixels. However, a selec- 
tion logic for supplying such plural types of selection sig- 
nals has not been established. In order to select a plurality 
of scan lines, it is sufficient if selection pulses composed 
of a plurality of shift clocks are made to sequentially 
propagate to buffers connected to input ends of the scan 
lines. However, since only the selection pulses cannot 
constitute logic, it is necessary to provide plural systems 
of output control lines controlling ON/OFF of the buffers. 
However, a relation between the number of systems of the 
output control lines and the number of shift clocks of the 



selection pulses has not been obvious, or what kind of 
output control signals can efficiently control ON/OFF of 
the buffers has not been obvious, either. 
[0004] Moreover, in such a display device, since charges have 

been applied to two or more pixels by time division for a 
time while a charge has been applied to one pixel hereto- 
fore, a charge time is shortened. Accordingly, as long as a 
selection element is not enlarged, accuracy of the applied 
potential is lowered, which has been a problem. A method 
called "precharge" for compensating such shortage of a 
charge amount has been generally known. The term 
"precharge" means that, at timing before writing data to a 
pixel, data of the same polarity is written to the pixel in 
advance, thus realizing a desired charge amount even if a 
charge amount when the data is written to the pixel is 
small. 

[0005] The precharge method as described above can be also ap- 
plied to a display device having pixels that are not multi- 
plexed when a write time cannot be sufficiently secured 
due to a high resolution. In such a display device, in which 
the pixels are not multiplexed and normally driven, the 
timing of performing the precharge can be uniquely de- 
termined to the time of selecting a pixel proximate to a 



pixel to be precharged and of the same polarity. However, 
if the scan lines of the other systems are shared among 
the adjacent rows in the display device having the multi- 
plexed pixel structure, then it is made difficult to uniquely 
determine the timing of precharge by timing of inverse 

drive and combinational logic. 
Summary of Invention 

[0006] The present invention was made based on the technical 
subjects as described above. An object of the present in- 
vention is to provide an image display device capable of 
efficiently supplying the selection signals to the multi- 
plexed pixels, and the like. Another object of the present 
invention is to provide an image display device capable of 
readily determining the timing of precharge, drive wave- 
form and method of the pixel, and the like. 

[0007] [Means for solving the problems]ln order to attain the ob- 
jects described above, an image display device of the 
present invention has features as below. The image dis- 
play device to which the present invention is applied in- 
cludes: a plurality of signal lines for supplying display sig- 
nals; a first group of pixel electrodes sequentially selected 
during a first horizontal scan period, the first group of 
pixel electrodes being connected to a specified signal line; 



a second group of pixel electrodes sequentially selected 
during a second horizontal scan period after the first hor- 
izontal scan period, the second group of pixel electrodes 
being connected to the specified signal line; a first group 
of scan lines for supplying scan signals for driving the 
first group of pixel electrodes during the first horizontal 
scan period; and a second group of scan lines for supply- 
ing scan signals for driving the second group of pixel 
electrodes during the second horizontal scan period. 
Moreover, this image display device is characterized in 
that a specified group of scan lines among the second 
group of scan lines is selected during the first horizontal 
scan period to drive a specified pixel electrode among the 
second group of pixel electrodes, and any one scan line in 
the specified group of scan lines is not selected for a pe- 
riod from the selection of the specified group during the 
first horizontal scan period to the drive of the specified 
pixel electrode during the second horizontal scan period. 
[0008] | n suc h a constitution, any one scan line in the specified 
group of scan lines is not selected for the period from the 
selection of the specified group during the first horizontal 
scan period to the drive of the specified pixel electrode 
during the second horizontal scan period. Therefore, dur- 



ing this period, the specified pixel electrode driven by se- 
lecting the specified group of scan lines is not charged. 
Accordingly, the drive of the specified pixel electrode dur- 
ing the first horizontal scan period can be defined as the 
precharge. 

[0009] N 0 te that, in this case, it is desirable that the specified 
pixel electrode be driven in the same polarity during the 
first and second horizontal scan periods. Moreover, the 
specified group of scan lines and the first group of scan 
lines may share at least one scan line. Thus, the number 
of scan lines to be selected simultaneously can be de- 
creased. 

[0010] Moreover, in this case, it is desirable that the respective 
signal lines supply display signals of the same polarity 
during the same horizontal scan period, and that signal 
lines adjacent to each other supply display signals of dif- 
ferent polarities during the same horizontal scan period. 
Thus, each multiplexed pixel (pixel sequentially selected 
during the same horizontal scan period) can be driven 
while a polarity thereof being inverted. 

[0011] Furthermore, the present invention can be also grasped as 
an invention of an image display device as below. Specifi- 
cally, the image display device to which the present inven- 



tion is applied includes: m pieces of pixel electrodes se- 
quentially driven at first to m-th timings (m: natural num- 
ber of 2 or more) during a first horizontal scan period, the 
m pieces of pixel electrodes being connected to a speci- 
fied signal line; other m pieces of pixel electrodes se- 
quentially driven at the first to m-th timings during a sec- 
ond horizontal scan period after the first horizontal scan 
period, the other m pieces of pixel electrodes being con- 
nected to the specified signal line; and a group of scan 
lines selected for driving the other m pieces of pixel elec- 
trodes during the second horizontal scan period, charac- 
terized in that a specified group of scan lines selected at 
n-th timing (n: natural number from 1 to m) among the 
group of scan lines during the second horizontal scan pe- 
riod is also selected during the first horizontal scan pe- 
riod. 

[0012] a s described above, the scan lines selected at the n-th 
timing during the second horizontal scan period is also 
selected during the first horizontal scan period, thus 
making it possible to precharge a pixel driven for the n-th 
time during the second horizontal scan period. 

[0013] | n this case, selection timing for the specified group of 
scan lines during the first horizontal scan period may be 



timing other than the n-th timing during the first hori- 
zontal scan period. Moreover, the specified group of scan 
lines may include scan lines for supplying scan signals for 
driving and controlling the m pieces of pixel electrodes 
driven during the first horizontal scan period. Moreover, it 
is suitable that at least one scan line among the specified 
group of scan lines not be selected from the first timing 
to (n-l)-th timing during the second horizontal scan pe- 
riod. Thus, a pixel electrode driven by selecting the speci- 
fied group of scan lines is not driven for a period from the 
first timing to the (n-l)-th timing, and is driven at the n- 
th timing for the first time, during the second horizontal 
scan period. 

[0014] Furthermore, the selection timing for the specified group 
of scan lines during the first horizontal scan period may 
be the n-th timing, and the specified group of scan lines 
may be different from the scan lines for supplying the 
scan signals for driving the m pieces of pixel electrodes at 
the n-th timing during the first horizontal scan period. 

[0015] Moreover, the present invention can be grasped as an in- 
vention of a scan line drive circuit. Specifically, the scan 
line drive circuit to which the present invention is applied 
includes: a plurality of output terminals connectable to a 



plurality of scan lines; and a signal output unit for out- 
putting signal rows composed of a plurality of signals to 
respective output terminals, characterized in that the sig- 
nal output unit outputs the signal rows to plural groups of 
the output terminals simultaneously during one horizontal 
scan period, and shifts the output terminals one by one 
for each horizontal scan period to output the signal rows 
to other groups of output terminals. Moreover, the scan 
line drive circuit is characterized in that the signal output 
unit outputs a group of signals outputted to a specified 
output terminal among the groups of output terminals at 
first timing during a specified horizontal scan period to a 
specified output terminal at second timing during another 
horizontal scan period after the specified horizontal scan 
period, and outputs a signal different from the group of 
signals to the specified output terminal for a period from 
the first to second timing. 
[0016] with such a configuration, the pixel electrode driven by 
selecting the scan line connected to the specified output 
terminal can be driven at the first and second timing, and 
can be set not to be driven for the period from the first to 
second timing. Specifically, it is made possible to 
precharge the pixel electrode at the first timing and to 



make the pixel electrode maintain a precharged potential 
until charged at the second timing. 

[0017] Moreover, the present invention can be also grasped as an 
invention of a pixel drive method. Specifically, the pixel 
drive method to which the present invention is applied in- 
cludes: a first step of selecting and preliminarily charging 
a specified pixel electrode during a first horizontal scan 
period; and a second step of sequentially selecting and 
charging groups of pixel electrodes including the speci- 
fied pixel electrode during a second horizontal scan pe- 
riod after the first horizontal scan period, characterized in 
that the specified pixel electrode maintains a potential 
applied in the first step until selected in the second step. 

[0018] Here, when the pixel electrodes are arranged in matrix, 
and pixel electrodes having the same pixel structure are 
arrayed in the same column, other groups of pixel elec- 
trodes different from the specified pixel electrodes may 
be sequentially selected and charged during the first hori- 
zontal scan period, and a pixel electrode among the other 
groups of pixel electrodes may be selected as the speci- 
fied pixel electrode in the first step, the pixel electrode 
being arrayed in a column different from that of pixel 
electrodes driven at the same timing as timing when the 



specified pixel electrode is preliminarily charged. 

[0019] Moreover, the present invention can be also grasped as an 
invention of an image display device as below. 

[0020] Specifically, the image display device of the present in- 
vention includes: a signal line for supplying a display sig- 
nal; a plurality of scan lines for supplying scan signals; 
and plural sets of pixel electrodes, each set being com- 
posed of pixel electrodes A and B connected to a common 
signal line and driven by a combination of selection for 
two adjacent lines among the scan lines during each hori- 
zontal scan period, characterized in that, during a first 
period in one horizontal scan period, the two adjacent 
scan lines among the scan lines are selected and one set 
of the pixel electrodes A and B is driven, and during a 
second period, one of the two scan lines is selected, the 
pixel electrode B of the one set of the pixel electrodes is 
driven, and other two scan lines shifted by two lines from 
the two scan lines are selected to drive pixel electrodes A 
and B of another set. 

[0021] with such a configuration, it is made possible to 

precharge the pixel electrode A of the other set during the 
drive of the pixel electrode B. 

[0022] | n this case, it is suitable that the image display device in- 



elude output buffers connected respectively to input ends 
of the respective scan lines, that three adjacent output 
buffers be controlled by control signals different from one 
another, and that a pulse signal having a time width for 
four horizontal scan periods be sequentially transmitted 
to each output buffer for each horizontal scan period. 
[0023] Furthermore, in this case, it is suitable that the plurality of 
pixel electrodes be arranged in matrix, that the pixel elec- 
trodes A and B of the same set be located in the same row 
and a drive polarity thereof be inverted, and that drive po- 
larities of the pixel electrodes A or the pixel electrodes B 
located on rows adjacent to each other be inverted from 
each other. 

[0024] Moreover, the present invention can be also grasped as an 
invention of an image display device as below. 

[0025] Specifically, the image display device to which the present 
invention is applied includes: a signal line for supplying a 
display signal; a plurality of scan lines for supplying scan 
signals; and plural sets of pixel electrodes, each set being 
composed of pixel electrodes A, B and C connected to the 
common signal line and driven by a combination of selec- 
tion for three adjacent lines among the scan lines during 
each horizontal scan period, characterized in that, during 



one horizontal scan period, a first group of scan lines 
composed of at least two lines among the three adjacent 
scan lines is selected, and the pixel electrode A among 
one set of the pixel electrodes is driven, and a second 
group of scan lines shifted by two lines from the first 
group of scan lines is simultaneously selected to drive a 
pixel electrode A of another set. 

[0026] | n this case, it is suitable that output buffers be connected 
to input ends of the scan lines, respectively, that three 
adjacent output buffers be controlled by control signals 
different from one another, and that a signal row com- 
posed of a first pulse having a time width for three hori- 
zontal scan periods and a second pulse having a time 
width for one horizontal scan period be sequentially 
transmitted to each output buffer for each horizontal scan 
period, the second pulse propagating at an interval for 
one horizontal scan period from the first pulse. 

[0027] Moreover, the present invention can be also grasped as an 
invention of an image display device as below. 

[0028] Specifically the image display device to which the present 
invention is applied includes: a signal line for supplying a 
display signal; a plurality of scan lines for supplying scan 
signals; and plural sets of pixel electrodes, each set being 



composed of pixel electrodes A, B and C connected to a 
same signal line and driven by a combination of selection 
for three adjacent lines among the scan lines during each 
horizontal scan period, characterized in that, during one 
horizontal scan period, a first group of scan lines com- 
posed of at least two lines among the three adjacent scan 
lines is selected, the pixel electrode A among one set of 
the pixel electrodes is driven, and subsequently, in the 
three adjacent scan lines, a second group of scan lines 
different from the first group of scan lines is selected to 
drive the pixel electrode B of the set of pixel electrodes, 
and a third group of scan lines shifted by one line from 
the first group of scan lines is selected to drive a pixel 
electrode A of another set. 
[0029] Furthermore, the present invention can be grasped as an 
invention of an image display device as below. Specifically, 
the image display device to which the present invention is 
applied includes: a signal line for supplying a display sig- 
nal; a plurality of scan lines for supplying scan signals; 
and plural sets of pixel electrodes, each set being com- 
posed of pixel electrodes A and B connected to the com- 
mon signal line and driven by a combination of selection 
for two adjacent lines among the scan lines during each 



horizontal scan period, characterized in that, during one 
horizontal scan period, a first group of scan lines com- 
posed of two adjacent lines among the scan lines is se- 
lected to drive one set of the pixel electrodes A and B, and 
simultaneously, a second group of scan lines shifted by 
four lines from the first group of scan lines to drive pixel 
electrodes A and B of another set. 
[0030] | n this case, it is suitable that the plurality of pixel elec- 
trodes be arranged in matrix, that the pixel electrodes A 
and B of the same set be located in the same row, and 
that a drive polarity thereof be inverted for every two 
rows. Furthermore, in this case, it is suitable that output 
buffers be connected to input ends of the scan lines, re- 
spectively, that three adjacent output buffers be con- 
trolled by control signals different from one another, and 
that a signal row composed of a first pulse having a time 
width for two horizontal scan periods and a second pulse 
having a time width for two horizontal scan period be se- 
quentially transmitted to each output buffer for each hori- 
zontal scan period, the second pulse propagating at an 
interval for two horizontal scan periods from the first 
pulse. 

[0031] Moreover, being grasped from another viewpoint, the 



present invention can be also grasped as an image display 
device as below. Specifically, the image display device in- 
cludes: a plurality of scan lines for supplying scan signals; 
plural systems of output control lines; a plurality of output 
buffers allocated and connected to systems of the output 
control lines, respectively; and a control signal output unit 
for outputting control signals different from one another 
to the systems of output control lines, respectively. 

[0032] with such a configuration, signal supply to the plurality of 
scan lines can be simultaneously controlled, and pixel 
electrodes driven by a combination of selection for the 
plurality of scan lines can be readily driven. 

[0033] | n this case, it is suitable that the image display device 

further include a pulse signal supply unit for sequentially 
propagating pulse signals having a specified time width to 
the output buffers, that each pulse signal have a time 
width of m times (m: natural number) one horizontal scan 
period, and that the output control lines be in the number 
of n systems (n: natural number of 2 or more) different 
from the number of m. 

[0034] Moreover, the present invention can be also grasped as an 
invention of a scan line drive circuit as below. Specifically, 
the scan line drive circuit to which the present invention is 



applied includes: a plurality of output terminals con- 
nectable to a plurality of scan lines, respectively; output 
circuits connected to the output terminals, respectively; 
and a control signal generation unit for generating control 
signals controlling outputs of the output circuits, charac- 
terized in that n types (n: natural number of 2 or more) of 
the control signals are generated, and the n types of con- 
trol signals are supplied to n pieces of output circuits, re- 
spectively. 

[0035] it j S desirable that the scan line drive circuit as described 
above further include: a plurality of shift registers con- 
nected to the output circuits, respectively, and connected 
one another in a cascaded manner; a clock signal genera- 
tion unit for generating clock signals driving the plurality 
of shift registers; and a signal row generation unit for 
generating signal rows to be sequentially propagated to 
the plurality of shift registers. While it is suitable that each 
signal row have a time width of m times (m: natural num- 
ber) the clock signal, m may be either larger than n or 
smaller than n. 

[0036] Particularly, when m is larger than n, the plurality of scan 
lines can be selected and controlled by means of a rela- 
tively small number of control signals. 



[0037] Hereinafter, description will be made in detail for the 

present invention based on embodiments shown in the 

accompanying drawings. 
Brief Description of Drawings 

[0038] pig. 1 is a timing chart of a display signal and scan sig- 
nals, schematically showing a first embodiment of the 
present invention. 

[0039] pig. 2 is a view of an entire configuration of a liquid crys- 
tal display device to which the present invention is ap- 
plied. 

[0040] Fig. 3 is a circuit diagram showing a configuration of an 
array substrate of the liquid crystal display device in the 
first embodiment of the present invention. 

[0041] Fig. 4 is a block diagram of control circuit and a gate 

driver, showing principal portions of the first embodiment 
of the present invention. 

[0042] Fig. 5 is a view showing an operation of a circuit of the 

liquid crystal display device of the first embodiment of the 
present invention. 

[0043] Fig. 6 is a view showing an operation of the circuit of the 
liquid crystal display device of the first embodiment of the 
present invention, showing a next step of Fig. 5. 

[0044] Fig. 7 is a view showing an operation of the circuit of the 



liquid crystal display device of the first embodiment of the 
present invention, showing a next step of Fig. 6. 

[0045] pig. 8 is a view showing an operation of the circuit of the 
liquid crystal display device of the first embodiment of the 
present invention, showing a next step of Fig. 7. 

[0046] pig. 9 is a circuit operational view for explaining selection 
logic of the liquid crystal display device of the first em- 
bodiment of the present invention. 

[0047] Fig. 10 is a drive matrix of the liquid crystal display device 
of the first embodiment of the present invention. 

[0048] Fig. 11 is a timing chart of a clock signal, a shift pulse and 
scan signals of the first embodiment of the present inven- 
tion. 

[0049] Fig. 12 is a view showing another circuit configuration of 
the array substrate of the first embodiment of the present 
invention. 

[0050] Fig. 13 is a view of a circuit configuration of an array sub- 
strate, schematically showing a second embodiment of the 
present invention. 

[0051] Fig. 14 is a timing chart of display signals and scan sig- 
nals of the second embodiment of the present invention. 
[Figure 15] Fig. 15 is a timing chart of a clock signal, shift 
pulses and the scan signals of the second embodiment of 



the present invention. 

[0052] pig. 16 is a view showing an operation of a circuit of the 
liquid crystal display device of the second embodiment of 
the present invention. 

[0053] pig. 17 is a view showing an operation of the circuit of the 
liquid crystal display device of the second embodiment of 
the present invention, showing a next step of Fig. 16. 

[0054] Fig. 18 is a view showing an operation of the circuit of the 
liquid crystal display device of the second embodiment of 
the present invention, showing a next step of Fig. 17. 

[0055] Fig. 19 is a drive matrix of the liquid crystal display device 
of the second embodiment of the present invention. 

[0056] Fig. 20 is a timing chart of a display signal and scan sig- 
nals, schematically showing a third embodiment of the 
present invention. 

[0057] Fig. 2 1 is a view showing an operation of a circuit of the 
liquid crystal display device of the third embodiment of 
the present invention. 

[0058] Fig. 22 is a view showing an operation of the circuit of the 
liquid crystal display device of the third embodiment of 
the present invention, showing a next step of Fig. 21. 

[0059] Fig. 23 is a view showing an operation of the circuit of the 
liquid crystal display device of the third embodiment of 



the present invention, showing a next step of Fig. 22. 

[0060] pig. 24 is a view showing an operation of the circuit of the 
liquid crystal display device of the third embodiment of 
the present invention, showing a next step of Fig. 23. 

[0061] pig. 25 is a view showing an operation of the circuit of the 
liquid crystal display device of the third embodiment of 
the present invention, showing a next step of Fig. 24. 

[0062] Fig. 26 is a view showing an operation of the circuit of the 
liquid crystal display device of the third embodiment of 
the present invention, showing a next step of Fig. 25. 

[0063] Fig. 27 is a drive matrix of the liquid crystal display device 
of the third embodiment of the present invention. 

[0064] Fig. 28 is a timing chart of display signals and scan sig- 
nals, schematically showing a fourth embodiment of the 
present invention. 

[0065] Fig. 29 is a timing chart of a clock signal, a shift pulse and 
scan signals of the fourth embodiment of the present in- 
vention. 

[0066] Fig. 30 is a view showing an operation of a circuit of a liq- 
uid crystal display device of the fourth embodiment of the 
present invention. 

[0067] Fig. 31 is a view showing an operation of the circuit of the 
liquid crystal display device of the fourth embodiment of 



the present invention, showing a next step of Fig. 30. 

[0068] pig. 32 is a view showing an operation of the circuit of the 
liquid crystal display device of the fourth embodiment of 
the present invention, showing a next step of Fig. 31. 

[0069] pig. 33 is a view showing an operation of the circuit of the 
liquid crystal display device of the fourth embodiment of 
the present invention, showing a next step of Fig. 32. 

[0070] Fig. 34 is a drive matrix of the liquid crystal display device 
of the fourth embodiment of the present invention. 

[0071] Fig. 35 is a view of configurations of a control circuit and 
a gate driver, schematically showing a fifth embodiment 
of the present invention. 

[0072] Fig. 36 is a timing chart of a display signal and scan sig- 
nals of the fifth embodiment of the present invention. 

[0073] Fig. 37 is a timing chart of a clock signal, a shift pulse and 
scan signals of the fifth embodiment of the present inven- 
tion. 

[0074] Fig. 38 is a view showing an operation of a circuit of the 

liquid crystal display device of the fifth embodiment of the 
present invention. 

[0075] Fig. 39 is a view showing an operation of the circuit of the 
liquid crystal display device of the fifth embodiment of the 
present invention, showing a next step of Fig. 38. 



[0076] pig. 40 is a view showing an operation of the circuit of the 
liquid crystal display device of the fifth embodiment of the 
present invention, showing a next step of Fig. 39. 

[0077] pig. 41 is a view showing an operation of the circuit of the 
liquid crystal display device of the fifth embodiment of the 
present invention, showing a next step of Fig. 40. 

[0078] Fig. 42 is a timing chart of a clock signal, a shift pulse and 

scan signals, schematically showing a sixth embodiment 

of the present invention. 
Detailed Description 

[0079] Fig. 2 is a view showing the entire configuration of a liq- 
uid crystal display device in one embodiment of the 
present invention, Fig. 3 is a view showing a configuration 
of an array substrate, and Fig. 4 is a block diagram show- 
ing principal configuration of a gate driver and a control 
circuit, which are shown in Fig. 2. 

[0080] The liquid crystal display device according to this first 
embodiment has a feature in that two adjacent pixels 
sandwiching one signal line share the signal line to reduce 
the number of signal lines by half. As a matter of course, 
the liquid crystal display device must include a color filter 
substrate facing to the array substrate, a backlight unit 
and other elements, and however, description thereof will 



be omitted since these are not characteristic portions of 
the present invention. 
[0081] As shown in Fig. 2, a liquid crystal display device (image 
display device) 1 of this first embodiment includes a dis- 
play area S for displaying an image on an array substrate 
A. Moreover, the liquid crystal display device 1 includes a 
data driver 3 for supplying display signals through signal 
lines D to pixel electrodes arranged in the display area S, 
a gate driver (scan line drive circuit) 5 for supplying scan 
signals controlling ON/OFF of thin film transistors formed 
in the display area S to the thin film transistors through 
scan lines G, and a control circuit (scan signal drive cir- 
cuit) 6 for controlling the data driver 3 and the gate driver 
5. 

[0082] | n the display area S, the pixel electrodes are arranged in 
matrix by the number of M'N (M and N: arbitrary positive 
integers), and the scan lines G and the signal lines D are 
provided by a specified number, which corresponds to the 
number of these pixel electrodes. Hereinafter, among the 
scan lines G connected to the same gate drivers 5, a scan 
line G located at the n-th position in a scan direction of a 
screen will be represented as a scan line Gn, and among 
the signal lines D connected to the same data driver 3, a 



signal line D located at the m-th position counting from 
an input end side of the scan lines G will be represented 
as a signal line Dm. 
[0083] Moreover, as shown in Fig. 3, in the display area S of the 
array substrate A, for adjacent pixel electrodes All and 
Bll sandwiching the signal line Dm, three TFTs that are a 
first TFT Ml, a second TFT M2 and a third TFT M3 are dis- 
posed as below. 

[0084] First, with regard to the first TFT Ml, a source electrode is 
connected to the signal line Dm, and a drain electrode is 
connected to the pixel electrode All. Moreover, a gate 
electrode of the first TFT Ml is connected to a source 
electrode of the second TFT M2. Here, with regard to the 
TFT, which is a switching element with three terminals, 
there is an example, in a liquid crystal display device, 
where a side (terminal) connected to a signal line is re- 
ferred to as a source electrode, and a side (terminal) con- 
nected to a pixel electrode is referred to as a drain elec- 
trode. However, there is also an opposite example. Specif- 
ically, determination has not been uniquely made as to 
which of the two electrodes except the gate electrode is to 
be referred to as a source electrode, or alternatively, a 
drain electrode. Accordingly, hereinafter, both of these 



two electrodes except the gate electrode will be referred 
to as source/drain electrodes. 

[0085] with regard to the second TFT M2, one of source/drain 
electrodes is connected to the gate electrode of the first 
TFT Ml, and the other of the source/drain electrodes is 
connected to a scan line Gn+2. Accordingly, the gate 
electrode of the first TFT Ml is connected to the scan line 
Gn+2 through the second TFT M2. Moreover, a gate elec- 
trode of the second TFT M2 is connected to a scan line 
Gn+1. Accordingly, only during a period when the two ad- 
jacent scan lines Gn+1 and Gn+2 are simultaneously set 
at a selection potential, the first TFT Ml is turned on, and 
a potential of the signal line Dm is supplied to the pixel 
electrode All. This suggests that the second TFT M2 con- 
trols ON/OFF of the first TFT Ml. 

[0086] with regard to the third TFT M3, one of source/drain elec- 
trodes is connected to the signal line Dm, and the other of 
the source/drain electrodes is connected to the pixel 
electrode Bll. Moreover, a gate electrode of the third TFT 
M3 is connected to the scan line Gn+1. Accordingly, when 
the scan line Gn+1 is at a selection potential, the third 
TFT M3 is turned on, and the potential of the signal line 
Dm is supplied to the pixel electrode Bll. 



[0087] while description has been made in the above for the cir- 
cuit configuration of the array substrate A seen from the 
first TFT Ml to the third TFT M3, description will be made 
for the circuit configuration of the array substrate A seen 
from the pixel electrode All and the pixel electrode Bll. 
The pixel electrode All and the pixel electrode Bll are 
supplied with display signals from the single signal line 
Dm. Specifically, the signal line Dm can be said to be a 
common signal line to the pixel electrode All and the 
pixel electrode Bll. Accordingly, for the pixels arranged 
in M'N matrix, the number of the signal lines Dm will be 
M/2. 

[0088] jo the pixel electrode All, the first TFT Ml and the sec- 
ond TFT M2 are connected. Moreover, the first TFT Ml is 
connected to the signal line Dm and the second TFT M2. 
The gate electrode of the second TFT M2 is connected to 
the scan line Gn+1 on a later stage than the pixel elec- 
trode All. Moreover, the drain electrode of the second 
TFT M2 is connected to the scan line Gn+2 on a later 
stage than the scan line Gn+1. Here, in order to supply 
the potential of the signal line Dm to the pixel electrode 
All, it is necessary to turn on the first TFT Ml. Moreover, 
the gate electrode of the first TFT Ml is connected to one 



of the source/drain electrodes of the second TFT M2, the 
gate electrode of the second TFT M2 is connected to the 
scan line Gn+ 1 of its own, and the other of the source/ 
drain electrodes thereof is connected to the scan line 
Gn+2 on the later stage. Therefore, it is necessary to turn 
on the second TFT M2 in order to turn on the first TFT Ml. 
In order to turn on the second TFT M2, it is necessary that 
both of the scan line Gn + 1 and the scan line Gn+2 be se- 
lected. Accordingly, the first TFT Ml and the second TFT 
M2 constitute a switching mechanism allowing passage of 
the scan signal when both of the scan line Gn+1 and the 
scan line Gn+2 are selected. In such a manner as de- 
scribed above, the pixel electrode All is driven based on 
the scan signal from the scan line Gn+1 and the scan sig- 
nal from the scan line Gn+2 to receive the potential from 
the signal line Dm. 

[0089] jo t he pixel electrode Bll, the third TFT M3 is connected, 
of which gate electrode is connected to the scan line 
Gn+1. Accordingly, the pixel electrode Bll is supplied 
with the potential from the signal line Dm when the scan 
line Gn+1 of its own is selected. 

[0090] Description has been made in the above for the pixel 

electrode All and the pixel electrode Bll. Also with re- 



gard to other pixels (pixel electrodes) shown in Fig. 3, 
which are a pixel electrode Cll and a pixel electrode Dll, 
pixel electrodes A12, B12, C12 and D12, pixel electrodes 
A13, B13, C13 and D13, and other pixels, a similar con- 
figuration is adopted. 
[0091] Next, description will be made for configurations of the 
gate driver 5 and the control circuit 6 with reference to 
Fig. 4. 

[0092] a s shown in Fig. 4, the control circuit 6 is provided with 
an output on/off control unit 8, a pulse generation unit 
(signal row generation unit) 9 and a clock signal genera- 
tion unit 10. As will be described later, the output on/off 
control unit 8 outputs output control signals to the gate 
driver 5 through, in total, three systems of output control 
lines OE composed of output control lines OE1, OE2 and 
OE3. The pulse generation unit 9 generates scan signals 
to be inputted from the gate driver 5 to the scan lines G, 
that is, shift pulses. In addition, the clock signal genera- 
tion unit 10 outputs clock signals for driving the gate 
driver 5. 

[0093] | n the gate driver 5, a shift register unit 12 is provided, to 
which the output control signals, the shift pulses and the 
clock signals are inputted. The shift register unit 12 is 



formed by connecting shift registers SR to one another in 
a cascaded manner, the shift registers SR being provided 
by the same number as that of the scan lines G. Here, the 
shift registers SR are provided corresponding to the re- 
spective scan lines C, and are connected to output termi- 
nals Ot connectable to the scan lines G through buffers 
(output circuits) B. Thus, control of the buffers B enables 
to control the output of data in the shift registers SR to 
the scan lines G to be controlled. 
[0094] jo t he buffers B, the output control lines OE are con- 
nected. The buffers B are turned on when the output con- 
trol signals inputted thereto through the output control 
lines OE are "0". Moreover, the buffers B are turned off 
when the output control signals are "1". Thus, control is 
made for the output selection of the scan signals from the 
shift registers SR to the scan lines G. Note that, while the 
plurality of buffers B are arrayed corresponding to the 
scan lines G, the output control lines OE1, OE2 and OE3 
are sequentially allocated and connected to every three 
buffers B adjacent to one another. Accordingly, the output 
on/off control unit 8 outputs output control signals dif- 
ferent from one another to these output control lines OE1, 
OE2 and OE3, thus making it possible to individually con- 



trol the three buffers B adjacent from one another. 

[0095] Next, description will be made for an operation of this liq- 
uid crystal display device 1 with reference to a timing 
chart of scan signals shown in Fig. 1 and circuit diagrams 
shown in Figs. 5 to 9. 

[0096] | n order to solve the shortage of the charge amount to the 
pixels, the liquid crystal display device 1 operates such 
that, before a display signal voltage to be maintained by a 
pixel during one horizontal scan period of the screen is 
written to the pixel, another display signal voltage is writ- 
ten thereto preliminarily. For this purpose, when a speci- 
fied display signal voltage is applied to a certain pixel, the 
specified display signal voltage is simultaneously written 
to a pixel at a stage later than the concerned pixel, that is, 
another pixel to be charged later than the concerned 
pixel. Thus, when a display signal voltage is actually ap- 
plied to the pixel at the later stage, the pixel is set in a 
state of being already charged with the specified voltage. 

[0097] Hereinafter, description will be made concretely for a pixel 
drive method and a preliminary drive method (precharge 
method) before an actual pixel drive. 

[0098] | n pig. l, diagrams Gn + 1 out to Gn + 5 out represent 
waveforms of scan signals outputted to the scan lines 



Gn+1 to Gn + 5, which are generated by shift pulses prop- 
agating to the shift registers SR. Specifically, at timing 
when a portion represented by each solid line or chain line 
in these diagrams rises, the relevant scan line G is se- 
lected, and at timing when the portion does not rise, the 
relevant scan line G is not selected. Note that, among the 
rising portions of these diagrams, the portions repre- 
sented by the solid lines indicate timing when the display 
signal voltages to be maintained in one horizontal scan 
period by pixel electrodes are written thereto. Moreover, 
the portions represented by the chain lines indicate timing 
when display signal voltages are preliminarily written to 
the pixel electrodes in order to compensate the shortage 
of the display signal voltages before the display signal 
voltages are written thereto. Specifically, the portions rep- 
resented by the chain lines indicate the timing of 
precharge. 

[0099] Moreover, Dm(l) shown in Fig. 1 indicates a potential of a 
data signal supplied from the signal line Dm, which indi- 
cates timing when the data signal is changed. Here, Dm(l) 
shown here includes a change in polarity. As will be de- 
scribed later, the pixel electrode All is set at the same 
polarity as that of the pixel electrode Bll by the potential 



supplied from the signal line Dm, and is driven in a polar- 
ity different from that of the pixel electrodes Cll and 
Dll. 

[0100] First, description will be made for a procedure for writing, 
to a pixel, a display signal voltage to be maintained by the 
pixel. 

[0101] As shown in Fig. 1, when the scan signals Gn+1 out and 
Gn+2 out are generated, if attention is paid to portions 
represented by the solid lines among the scan signals 
Gn+1 out and Gn+2 out, that is, timing when the display 
signal voltages are written to the pixels, then both of the 
scan lines Gn+1 and Gn+2 (first group of scan lines) are 
selected during a period from time tO to time tl (first tim- 
ing, first period). Therefore, as shown in Fig. 5, the first to 
third TFTs Ml to M3 are turned on. Thus, a potential Vail 
to be applied to the pixel electrode All from the signal 
line Dm is supplied to the pixel electrodes All, Bll and 
Dll, and the potential Vail of the pixel electrode All is 
determined. Note that, in Fig. 5, the selection of the scan 
lines Gn+1 and Gn+2 is represented by bold lines. 

[0102] Meanwhile, during the following period from time tl to 
time t2 (second timing, second period), the scan line 
Gn+2 is set at the non-selection potential, and only the 



scan line Gn+1 is selected. Accordingly, as shown in Fig. 
6, only the third TFT M3 is turned on. Here, the potential 
supplied from the signal line Dm is changed to a potential 
Vbll to be applied to the pixel electrode Bll, and thus 
the potential Vbll is supplied to the pixel electrode Bll 
to determine the potential of the pixel electrode Bll. 

[0103] N 0 te that a period from time tO to time t2 corresponds to 
one horizontal scan period (first horizontal scan period). 
The pixel drive as described above is carried out during 
this period, and thus the potential of the signal line Dm 
can be supplied to the pixel electrodes All and Bll (first 
group of pixel electrodes) by time division. 

[0104] After the scan line Gn+1 is set at a non-selection poten- 
tial, as shown in Fig. 1, the polarity of the potential of the 
signal line Dm is inverted, and the potential is changed to 
a potential Veil to be applied to the pixel electrode Cll. 

[0105] Here, in Fig. 1, when attention is paid to the scan signals 
Gn+2 out and Gn+3 out, both of the scan lines Gn+2 and 
Gn+3 are selected during a period from time t2 to time t3 
(first timing). Thus, as shown in Fig. 7, the potential Veil 
to be applied from the signal line Dm to the pixel elec- 
trode Cll is supplied to the pixel electrodes Cll, Dll 
and B12, and the potential Veil of the pixel electrode 



Cll is determined. 

[0106] | n addition, during the following period from time t3 to 
time t4 (second timing), the scan line Gn + 3 is set at the 
non-selection potential, and only the scan line Gn+2 is 
selected. Therefore, as shown in Fig. 8, the potential sup- 
plied from the signal line Dm is changed to a potential 
Vdll to be applied to the pixel electrode Dll, and thus a 
potential Vdll is supplied to the pixel electrode Dll to 
determine the potential of the pixel electrode Dll. 

[0107] | n t his case, the potentials Vail and Vbll supplied to the 
pixel electrodes All and Bll are reverse in polarity to the 
potentials Veil and Vdll supplied to the pixel electrodes 
Cll and Dll. Accordingly, the liquid crystal display de- 
vice 1 is driven as a display device of a line inversion 
drive, in which the polarity is inverted for every row. 

[0108] Next, description will be made for the precharge method 
of pixels. 

[0109] As described above, the precharge of pixels is carried out 
by supplying a display signal voltage to a pixel electrode 
at a stage later than that of a certain pixel electrode si- 
multaneously when the certain pixel electrode is applied 
with the display signal voltage and charged. Here, the 
pixel electrode at a later stage is the one selected by a 



scan line G having a larger value of n. Hereinafter, appli- 
cation of a display signal voltage to be maintained by a 
pixel electrode to charge the pixel electrode will be simply 
referred to as "charge", and application of another display 
signal voltage to charge a pixel before application of the 
display signal voltage to be maintained by the pixel will be 
referred to as "precharge". 
[0110] Here, it is desirable that a pixel electrode Y precharged si- 
multaneously when a certain pixel electrode X is charged 
have relations as the following A and B to the pixel elec- 
trode X. 

[° 111 ] A: During a period from precharge to charge of the pixel 
electrode Y, the pixel electrode Y is not charged simulta- 
neously while other pixel electrodes than the pixel elec- 
trodes X and Y are being charged; and B: The charged 
pixel electrodes Y and X have the same polarity, and se- 
lection timings (charged timings) thereof are proximate to 
each other. 

[° 112 ] In this first embodiment, as a precharge method meeting 
the above conditions A and B, for example, a mode is em- 
ployed, in which the pixel electrode A12 (specified pixel 
electrode) at the second later stage is selected when the 
pixel electrode Bll shown in Fig. 3 is charged. 



[0113] Here, description will be made for the reason of not 

precharging the pixel electrode A12 that is proximate to 
the pixel electrode All and has the same polarity when 
the pixel electrode All is charged. Assuming that the 
pixel electrode A12 is precharged, then, as shown in Fig. 
9, it is necessary to select the scan lines Gn+3 and Gn+4 
selecting the same. In this case, the scan lines Gn+2 and 
Gn+3 are simultaneously selected, and thus the pixel 
electrode Cll is driven inversely in polarity. 

[° 114 ] Specifically, if the precharge method as described above is 
employed, in the case of conceiving pixel electrodes lo- 
cated in rows adjacent to each other and in the same col- 
umn, when an upper pixel electrode is charged, a lower 
pixel electrode is also charged. Accordingly, when the 
pixel electrode Cll is charged after the pixel electrode 
A12 is precharged during the charge of the pixel electrode 
All, the pixel electrode A12 is precharged again in polar- 
ity inverse to that of a voltage to be charged thereto, 
which will contradict to the above-described condition B. 

[0115] Concretely, in order to precharge the pixel electrode A12 
during the charge of the pixel electrode Bll, as shown by 
the chain lines in Fig. 1, the potentials of the scan signals 
Gn+3 out and Gn+4 out are raised during the period from 



time tl to time t2. Thus, the scan lines Gn + 3 and Gn+4 
selecting the pixel electrode A12 are selected, and the 
first and second TFTs Ml and M2 controlling the supply of 
the display signal to the pixel electrode A12 are turned 
on. Accordingly, the same display signal as the display 
signal supplied to the pixel electrode Bll is supplied from 
the signal line Dm to the pixel electrode A12, to which the 
potential Vbll is applied. Therefore, the pixel electrode 
A12 is precharged in the same polarity as that of the pixel 
electrode B12. 

[0116] N 0 te that, in this case, the scan line Gn+3 is selected, and 
thus the third TFT M3 controlling the supply of the display 
signal from the signal line Dm to the pixel electrode B12 
is turned on. In addition, a scan line Gn+4 is selected, and 
thus a third TFT M3 controlling a supply of a display sig- 
nal from the signal line Dm to a pixel electrode D12 is 
turned on. Accordingly, the potential Vbll is also applied 
to these pixel electrodes B12 and D12. 

[0117] Thereafter, during the period from time t2 to time t3, as 
shown in Fig. 1, any of the scan lines G is not selected for 
the precharge. Accordingly, as shown in Fig. 7, the poten- 
tial Vbll is maintained in the pixel electrodes A12 and 
D12. However, as described above, the selection of the 



scan line Gn+3 turns on the third TFT M3 connected to 
the pixel electrode B12, and thus the pixel electrode B12 
is set at the potential Veil, which is the same as that of 
the pixel electrode Cll. 

[0118] Next, during the period from time t3 to time t4 while the 
pixel electrode Dll is being charged, as shown by chain 
lines in Fig. 1, potentials of scan signals Gn+4 out and 
Gn+5 out rise, and thus scan signal lines Gn+4 and Gn + 5 
are selected. Thus, first, second and third TFTs Ml, M2 
and M3 controlling a supply of display signals to the pixel 
electrodes C12, D12 and B13 are turned on. Then, as 
shown in Fig. 8, the display signals are supplied from the 
signal line Dm to the pixel electrodes C12, D12 and B13, 
and thus a potential Vdll that is the same as that of the 
pixel electrode Dll is applied to the pixel electrodes C12, 
D12 and B13. Accordingly, the pixel electrode C12 can be 
precharged with the potential of the same polarity as that 
of the pixel electrode Dll. 

[0119] The precharge is carried out for the pixel electrodes on 

the later stage of the pixel electrodes to be charged by it- 
erating the similar procedure on and after. 

[0120] Note that, accompanied with such precharge, as shown in 
Fig. 1, the scan line Gn+4 is selected during the period 



from time tO to time tl. Thus, as shown in Fig. 5, the pixel 
electrode D12 is driven and charged with the potential 
Vail. In addition, as shown in Fig. 1, the scan line Gn+5 
is selected during the period from time t2 to time t3. 
Thus, as shown in Fig. 7, the pixel electrode B13 is driven 
and charged with the potential Veil. 
[0121] Moreover, such precharge method is shown in matrix in 
Fig. 10. In the matrix of Fig. 10, columns denoted by 
codes A and B indicate timing when the pixel electrodes 
All, A12... and Bll, B12... are driven, respectively. In ad- 
dition, rows denoted by codes g(n+l), g(n+2)... represent 
the scan lines G(n + 1), G(n+2).... Moreover, items of the 
matrix indicate, by the presence of hatchings, as to 
whether or not the scan lines G(n+1), G(n+2)... are se- 
lected at timing when the pixel electrodes All, A12... and 
Bll, B12... are driven. For example, a hatching at row 1 
column 1 of this matrix indicates that the scan line G(n+1) 
is selected at the timing when the pixel electrode All is 
driven. 

[° 122 ] In addition, a letter of A or B displayed in each item of the 
matrix indicates that any of the pixel electrodes All, 
A12... and Bll, B12... is driven by selecting one corre- 
sponding to the item from the scan lines G(n+1), 



G(n+2).... For example, the letters "A" are displayed in row 
1 column 1 and in row 2 column 1 in the matrix. Thus, in- 
dicated is that the pixel electrode All is driven by simul- 
taneously selecting the scan lines G(n+1) and G(n+2) at 
the timing when the pixel electrodes All, A12... are 
driven. In addition, letters of "P" displayed in the items in- 
dicate whether or not the drive of the pixel electrodes is 
for the precharge. 

[0123] Furthermore, a code "+" or "-" shown in each item of the 
matrix indicates a drive polarity of each of the pixel elec- 
trodes All, A12... or Bll, B12... located between each of 
the scan lines G(n), G(n + 1)... corresponding to the con- 
cerned item and each of the scan lines G(n + 1), G(n+2)... 
of the first lower stage of the corresponding scan line. 

[0124] According to this matrix, it is understood that, when the 
pixel electrode Bll is driven by selecting the scan line 
G(n + 1), the scan lines G(n+3) and G(n+4) are driven, and 
the pixel electrode A12 at the second lower stage is 
precharged. 

[° 125 ] In such precharge method, attention is paid to the scan 
signals Gn+3 out and Gn+4 out shown in Fig. 1. Then, 
during the period from time tl to time t2 (first timing), 
the pixel electrode A12 (specified pixel electrode) is 



precharged by selecting the scan lines Gn+3 and Gn+4 
(specified scan lines). Thereafter, before both of the scan 
lines Gn+3 and Gn+4 (second group of scan lines) are se- 
lected during the period from time t4 to time t5 (first time 
of the second timing) in the period during time t4 to time 
t6 while the pixel electrodes A12 and B12 (second group 
of pixel electrodes) are being sequentially driven to 
charge the pixel electrode A12, at least any one of the 
scan lines Gn+3 and Gn+4 is not selected during the drive 
of other pixel electrodes. Specifically, signals different 
from those during the charge are outputted to the scan 
lines Gn+3 and Gn+4. Accordingly, the pixel electrode 
A12 is not precharged again until being charged during 
the period from time t4 to time t5 after being precharged 
during the period from time tl to time t2, in which the 
above-described condition B is met by carrying out the 
precharge as described above. The same is also estab- 
lished for other pixel electrodes arrayed in the same rows 
as those of the pixel electrodes C12 and A13. 

[0126] Next, description will be made for a control method of the 
gate driver 5, which is capable of charging and precharg- 
ing the pixel electrode as described above. 

[0127] pig. 11 is a timing chart showing a relation among the 



scan signals Gn + 1 out to Gn+4 out supplied to the scan 
lines Gn+1 to Gn+4, a shift pulse (signal column) SDI out- 
putted to the shift register SR and the output control sig- 
nals OE1 to OE3, both of which correspond to the above- 
described scan signals, and a clock signal DCPV driving 
the shift registers SR. Note that, in Fig. 11, the portions 
where the potentials rise for the precharge among the 
scan signals Gn + 1 out to Gn+4 out are also represented 
by solid lines. 

[0128] As shown in the drawing, a time width from rise to fall of 
the shift pulse SDI is equal to four cycles of the clock sig- 
nal DCPV. This shift pulse SDI moves to the next shift reg- 
ister SR for one cycle of the clock signal DCPV syn- 
chronously with the rise of the clock signal DCPV. There- 
fore, by providing, to the shift pulse SDI, the time width 
for the four cycles of the clock signal DCPV, as shown in 
the drawing, the four scan lines G, that is, the scan lines 
Gn+1 to Gn+4 can be simultaneously selected. Note that 
one cycle of the clock signal DCPV is equal to one hori- 
zontal scan period. Accordingly, the time width of the 
shift pulse SDI is four times the horizontal scan period. 

[° 129 ] It is conceived that four systems of the output control 

lines OE are required for simultaneously selecting the four 



scan lines Gn+1 to Gn+4. However, in this first embodi- 
ment, the output control signals OE1 to OE3 as shown in 
Fig. 11 are employed, and thus, by the three systems of 
the output control lines OE, four scan lines G can be si- 
multaneously selected. Specifically, this first embodiment 
adopts the charge and precharge method as shown by the 
matrix of Fig. 10. In the matrix of Fig. 10, the selection/ 
non-selection of the scan lines G(n + 1) and G(n+4), which 
are indicated in the rows represented by the codes g(n+l) 
and g(n+4), are the same at any timing of A and B. Specif- 
ically, the output control signal to be supplied to the 
buffer B connected to the scan line Gn+1 and the output 
control signal to be supplied to the buffer B connected to 
the scan line Gn+4 can be made the same signal. Simi- 
larly, also to the buffers B connected to the scan lines 
Gn+2 and Gn+5, Gn+3 and Gn+6..., the same output 
control signals can be supplied, respectively. Accordingly, 
the three systems of the output control lines OE are suffi- 
cient. 

[0130] As described above, in this first embodiment, while the 

conditions necessary for the precharge being satisfied, the 
charge and precharge for the pixel electrodes having the 
multiplexed pixel structure can be carried out, and thus 



the highly defined liquid crystal display device 1 can be 
driven accurately. 

[0131] Moreover, in this precharge method, the pixel electrode 
A12 in the different column is precharged when the pixel 
electrode Bll is charged. As described above, among the 
pixel electrodes including those in the columns different 
from that of the pixel electrode to be charged, the pixel 
electrodes meeting the above-described conditions A and 
B are selected. Thus, in comparison with the case of se- 
lecting the pixel electrodes meeting the above-described 
conditions A and B only among the pixel electrodes lo- 
cated in the same column, the selection range is ex- 
panded. Accordingly, the interval between the column 
where the pixel electrode to be charged is present and the 
column where the pixel electrode to be precharged simul- 
taneously therewith can be narrowed. Thus, the time in- 
terval from the precharge to the charge can be shortened 
to make it possible to minimize an influence thereof to 
pixels other than the display pixels. 

[° 132 ] In addition, in this first embodiment, the shift pulse SDI 
having the time width for the four cycles of the clock sig- 
nals DCPV (four times the horizontal scan period) can be 
controlled by the three systems of the output control lines 



OE. Specifically, since the selection control for the four 
scan lines G can be made by the three systems of the out- 
put control lines OE, which is smaller in number, the se- 
lection control for the scan lines G can be carried out by 
the control signals smaller in number than the scan lines 
G to be simultaneously controlled. Thus, the number of 
the output control lines OE can be reduced, thus making it 
possible to achieve a cost reduction and facilitation of cir- 
cuitry design. 

[0133] Note that, though the array substrate A is configured as 

shown in Fig. 3 in this first embodiment, a circuit configu- 
ration as shown in Fig. 12 can be employed instead 
thereof. 

[0134] (Second embodiment) Next, description will be made for a 
second embodiment of the present invention. 

[0135] since the entire configuration of a liquid crystal display 
device 1 in this second embodiment is similar to that of 
the first embodiment, here, description thereof will be 
omitted, and description will be mainly made for points 
different from those of the first embodiment. 

[0136] The different point of this second embodiment from that 
of the first embodiment is a point regarding the circuit 
configuration of an array substrate and a point regarding 



the pixel drive method. 

[0137] pig. 13 is a view showing a configuration of the array sub- 
strate in the second embodiment of the present invention. 

[0138] while two pixels share one signal line Dm in the first em- 
bodiment, three pixels share the one signal line Dm in 
this second embodiment. 

[0139] Specifically, as shown in Fig. 13, in the array substrate of 
the liquid crystal display device 1 of this second embodi- 
ment, the signal line Dm is shared by three pixels, that is, 
a pixel electrode A31 (pixel electrode D31...), a pixel elec- 
trode B31 (pixel electrode E31...) and a pixel electrode 
C31 (pixel electrode F31...). Then, a data potential of the 
signal line Dm is supplied to the pixel electrode A31 when 
both of the scan lines Gn + 1 and Cn+3 are set at the se- 
lection potential. In addition, the data potential of the sig- 
nal line Dm is supplied to the pixel electrode B31 when 
the scan lines Gn+1 and Gn+2 are set at the selection po- 
tential. Moreover, the data potential of the signal line Dm 
is supplied to the pixel electrode C31 when the scan line 
Gn+1 is set at the selection potential. 

[0140] | n order to perform operations as described above, in this 
second embodiment, first TFT M31 to fifth TFT M35 as 
switching elements are arranged as will be described be- 



low.Specifically, as shown in Fig. 13, with regard to the 
first TFT M31, one of source/drain electrodes is con- 
nected to the pixel electrode A31, and the other of the 
source/drain electrodes is connected to the signal line 
Dm. In addition, a gate electrode of the first TFT M3 1 is 
connected to one of source/drain electrodes of the second 
TFT M32. 

[0141] one of source/drain electrodes of the second TFT M32 is 
connected to the scan line Gn+3, and the other of the 
source/drain electrodes is connected to the gate electrode 
of the first TFT M31. Accordingly, the gate electrode of 
the first TFT M31 is connected through the second TFT 
M32 to the scan line Gn+3. In addition, a gate electrode 
of the second TFT M32 is connected to the scan line 
Gn+1. Accordingly, only during a period while the two 
scan lines Gn+1 and Gn+3 are simultaneously set at the 
selection potential, the first TFT M31 is turned on, and the 
potential of the signal line Dm is supplied to the pixel 
electrode A31. This indicates that the second TFT M32 is a 
switching element for controlling ON/OFF of the first TFT 
M31. 

[0142] one of source/drain electrodes of a third TFT M33 is con- 
nected to the signal line Dm, and the other of the source/ 



drain electrodes is connected to the pixel electrode C31. 
In addition, a gate electrode of the third TFT M33 is con- 
nected to the scan line Gn+1. 

[0143] with regard to the fourth TFT M34, one of source/drain 
electrodes is connected to the signal line Dm, and the 
other of the source/drain electrodes is connected to the 
pixel electrode B31. In addition, a gate electrode of the 
fourth TFT M34 is connected to one of source/drain elec- 
trodes of the fifth TFT M35. 

[0144] Moreover, with regard to the fifth TFT M35, one of 
source/drain electrodes is connected to the scan line 
Gn+2, and the other of the source/drain electrodes is 
connected to a gate electrode of the fourth TFT M34. Ac- 
cordingly, the gate electrode of the fourth TFT M34 is 
connected through the fifth TFT M35 to the scan line 
Gn+2. In addition, a gate electrode of the fifth TFT M35 is 
connected to the scan line Gn+1. Accordingly, only during 
the period while the scan lines Gn + 1 and Gn+2 are simul- 
taneously being set at the selection potential, the fourth 
TFT M34 is turned on, and the potential of the signal line 
Dm is supplied to the pixel electrode B31. This indicates 
that the fifth TFT M35 is a switching element for control- 
ling ON/OFF of the fourth TFT M34. 



[0145] Although description has been made above for the circuit 
configuration of the array substrate seen from the first to 
fifth TFTs M31 to M35, description will be now made for 
the circuit configuration of the liquid crystal display device 
1 seen from the pixel electrodes A31 to C31. 

[0146] The pixel electrodes A31 to C31 are supplied with display 
signals from the single signal line Dm. Specifically, the 
signal line Dm is a common signal line to the pixel elec- 
trodes A31 to C31. To the pixel electrode A31, the first 
TFT M31 and the second TFT M32 are connected. More- 
over, the first TFT M31 is connected to the signal line Dm 
and the second TFT M32. The gate electrode of the sec- 
ond TFT M32 is connected to the scan line Cn + 1 of its 
own, and one of the source/drain electrodes of the second 
TFT M32 is connected to the scan line Cn+3 on a later 
stage. Here, in order to supply the potential of the signal 
line Dm to the pixel electrode A31, it is necessary to turn 
on the first TFT M31. Moreover, the gate electrode of the 
first TFT M3 1 is connected to one of the source/drain 
electrodes of the second TFT M32, the gate electrode of 
the second TFT M32 is connected to the scan line Gn + 1 
on a later stage than the pixel electrodes A31 and B31, 
and the other of the source/drain electrodes thereof is 



connected to the scan line Gn+3 on the later stage than 
the scan line Gn+1. Therefore, it is necessary to turn on 
the second TFT M32 in order to turn on the first TFT M31. 
In order to turn on the second TFT M32, it is necessary 
that both of the scan line Gn+1 and the scan line Gn+3 on 
the later stage be set at the selection potential. 

[0147] As described above, the pixel electrode A31 is driven 

based on the scan signal from the scan line Gn + 1 and the 
scan signal from the scan line Gn + 3 to receive the poten- 
tial from the signal line Dm. 

[0148] jo the pixel electrode B31, the fourth TFT M34 and the 
fifth TFT M35 are connected. The fourth TFT M34 is con- 
nected to the signal line Dm and the fifth TFT M35. The 
gate electrode of the fifth TFT M35 is connected to the 
scan line Gn+1, and one of the source/drain electrodes of 
the fifth TFT M35 is connected to the scan line Gn+2. 
Here, in order to supply the potential of the signal line Dm 
to the pixel electrode B31, it is necessary to turn on the 
fourth TFT M34. Then, the gate electrode of the fourth 
TFT M34 is connected to one of the source/drain elec- 
trodes of the fifth TFT M35, the gate electrode of the fifth 
TFT M35 is connected to the scan line Gn+1, and the 
other of the source/drain electrodes thereof is connected 



to the scan line Gn+2. Therefore, in order to turn on the 
fourth TFT M34, it is necessary to turn on the fifth TFT 
M35. In order to turn on the fifth TFT M35, it is necessary 
that the scan lines Gn+1 and Gn+2 be set at the selection 
potential. As described above, only during the period 
while the scan line Gn+1 located on a later stage than the 
pixel electrode B31 and the scan line Gn+2 on the much 
later stage are being at the selection potential, the poten- 
tial is supplied from the signal line Dm to the pixel elec- 
trode B31. 

[0149] Moreover, to the pixel electrode C31, the third TFT M33 is 
connected, of which gate electrode is connected to the 
scan line Gn+1. Accordingly, when the scan line Gn + 1 is 
selected, the pixel electrode C31 is supplied with the po- 
tential from the signal line Dm. 

[0150] Although description has been made above for the pixel 
electrodes A31 to C31, similar configurations are also 
employed for pixel electrodes D31 to F31 and after. 

[0151] Next, description will be made for an operation of the liq- 
uid crystal display device 1 of this second embodiment 
with reference to a timing chart of scan signals, which is 
shown in Fig. 14, a timing chart of clock signals, shift 
pulses and output control signals, which is shown in Fig. 



15, circuit diagrams of Figs. 16 to 18, and a pixel drive 
matrix shown in Fig. 19. 

[0152] N 0te t hat, also in this second embodiment, the precharge 
method is employed, in which, before a display signal 
voltage to be maintained by a pixel during one horizontal 
scan period of a screen is written to the pixel, another 
display signal voltage is preliminarily written thereto. 

[0153] | n pig. 14, diagrams Gn out to Gn + 5 out represent wave- 
forms of scan signals outputted to the scan lines Gn to 
Gn+5, which are generated by shift pulses propagating to 
the shift registers SR. Specifically, at timing when a por- 
tion represented by each solid line or chain line in these 
diagrams rises, the relevant scan line G is selected, and at 
timing when the portion does not rise, the relevant scan 
line G is not selected. Note that, among the rising por- 
tions of these diagrams, the portions represented by the 
solid lines indicate timing when the display signal volt- 
ages to be maintained in one horizontal scan period by 
pixel electrodes are charged thereto. Moreover, the por- 
tions represented by the chain lines indicate timing when 
display signal voltages are preliminarily written to the 
pixel electrodes in order to precharge the pixel electrodes 
in addition to the selection control for charging the pixel 



electrodes. 

[0154] Moreover, Dm(2) shown in Fig. 14 indicates a potential of 
a data signal supplied from the signal line Dm, which in- 
dicates timing when the data signal is changed. The data 
signal Dm(2) shown here includes a change in polarity. As 
will be described later, the pixel electrode A31 is set at 
the same polarity as that of the pixel electrodes B31 and 
C31 by the data signal Dm(2), and is driven in a polarity 
different from that of the pixel electrodes D31, E31 and 
F31. 

[0155] Furthermore, Fig. 15 is a timing chart showing a relation 
among the scan signals Gn+1 out to Gn+5 out supplied to 
the scan lines Gn+1 to Gn+5, a shift pulse SDI outputted 
to the shift register SR and the output control signals OE1 
to OE3, both of which correspond to the above-described 
scan signals, and a clock signal YCLK driving the shift 
registers SR. Note that, in Fig. 15, the portions where the 
potentials rise for the precharge among the scan signals 
Gn+1 out to Gn+5 out are also represented by solid lines. 

[0156] | n order to drive pixels in this liquid crystal display device 
1, first, the shift pulse SDI is outputted from the pulse 
generation unit 9 of the control circuit 6 to the gate driver 
5 (see Fig. 15). 



[0157] a s shown in Fig. 15, the shift pulse SDI is a signal row 
composed of a first pulse PI with a time width from rise 
to fall for three cycles of the clock signal YCLK and a sec- 
ond pulse P2 with a time width from rise to fall for one 
cycle of the clock signal YCLK. Here, one cycle of the clock 
signal YCLK is equal to one horizontal scan period of the 
screen. Specifically, the shift pulse SDI is a signal row hav- 
ing a time width for five horizontal scan periods in total, 
in which the first pulse PI has the time width for three 
horizontal scan periods, and the second pulse P2 with the 
time width for one horizontal scan period is continuous 
with the first pulse PI with an interval for one horizontal 
scan period spaced therefrom. 

[0158] | n the shift register unit 12 of the gate driver 5, this shift 
pulse SDI moves to the next shift register SR for one cycle 
of the clock signal YCLK synchronously with the rise of the 
clock signal YCLK. Therefore, by providing, to the shift 
pulse SDI, the time width for five horizontal scan periods, 
the shift pulse SDI sequentially moves while existing in 
three adjacent shift registers SR and one shift register SR 
spaced therefrom by an interval for one register. Here, by 
supplying the output control signals OE1 to OE3 as shown 
in Fig. 15 to the buffers B adjacent from one another, the 



buffers B connected to five shift registers SR are con- 
trolled simultaneously, and thus five scan lines G can be 
selected and controlled simultaneously. In addition, here, 
since the buffers B are turned on when values of the out- 
put control signals OE inputted thereto are "0", and turned 
off when the values are "1", the scan signals Gn + 1 out to 
Gn+5 out will be as shown in a lower part of Fig. 15. 

[0159] Next, description will be made for a procedure for charg- 
ing a pixel electrode. 

[0160] As shown in Fig. 14, when the scan signals Gn + 1 out to 
Gn+3 out are generated and supplied to the scan lines 
Gn+1 to Gn + 3 (first group of scan lines), if attention is 
paid to portions represented by the solid lines among the 
scan signals Gn + 1 out to Gn+3 out, that is, timing when 
the display signal voltages are written to the pixel elec- 
trodes, then both of the scan lines Gn+1 and Gn+3 are 
selected during a period from time tO to time tl (first tim- 
ing). Therefore, as shown in Fig. 16, the first to third TFTs 
M31 to M33 are turned on. Thus, a potential Va21 to be 
applied to the pixel electrode A31 from the signal line Dm 
is supplied to the pixel electrodes A31, C31 and C32. 
Thus, the potential Va21 of the pixel electrode A31 is de- 
termined. Note that, in Fig. 16, the selected scan lines G 



are represented by bold lines. 

[0161] Meanwhile, during the following period from time tl to 
time t2 (second timing), the potential supplied from the 
signal line Dm is changed to a potential Vb21 to be ap- 
plied to the pixel electrode B31. Here, as shown in Fig. 14, 
the scan lines Gn+1 and Cn+2 are selected, and thus, as 
shown in Fig. 17, the second TFT M32 is turned off. More- 
over, the potential of the scan line Gn + 3 (OFF potential) is 
supplied to the gate electrode of the first TFT M3 1, and 
thus the first TFT M31 is turned off. In addition, the third 
to fifth TFTs M33 to M35 are turned on. Accordingly, the 
potential Vb21 is applied to the pixel electrodes B31, C31 
and F31. Consequently, the potential Vb21 of the pixel 
electrode B31 is determined. 

[0162] Furthermore, during the following period from time t2 to 
time t3 (third timing), the potential supplied from the sig- 
nal line Dm is changed to a potential Vc21 to be applied 
to the pixel electrode C31. Here, during the period from 
time t2 to time t3, as shown in Fig. 14, only the scan line 
Gn+1 is set at the selection potential. Then, as shown in 
Fig. 18, the potential Vc21 of the signal line Dm is applied 
to the pixel electrode C31 through the third TFT M33, and 
thus the potential Vc21 of the pixel electrode C31 is de- 



termined. 

[0163] N 0 te that a period from time tO to time t3 corresponds to 
one horizontal scan period (first horizontal scan period). 
The pixel drive as described above is carried out during 
this period, and thus the potential of the signal line Dm 
can be supplied to the pixel electrodes A31, B31 and C31 
(first group of pixel electrodes) by time division. 

[0164] After the scan line Gn+1 is set at the non-selection po- 
tential, the polarity of the potential of the signal line Dm 
is inverted, and the potential is changed to a potential 
Vd21 to be applied to the pixel electrode D31. By iterating 
a procedure similar to the above, the potentials of the 
pixel electrodes D31 to F31 are determined by time divi- 
sion. 

[0165] | n this case, the potentials Va21 to Vc21 supplied to the 
pixel electrodes A31 to C31 are reverse in polarity to the 
potentials Vd21 to Vf21 supplied to the pixel electrodes 
D31 to F31. Accordingly, the liquid crystal display device 
1 is driven as a display device of a line inversion drive, in 
which the polarity is inverted for every row. 

[0166] Next, description will be made for the precharge method 
of a pixel. 

[0167] As described above, it is desirable that the pixel electrode 



Y precharged simultaneously when the certain pixel elec- 
trode X is charged have relations as the following A and B 
to the pixel electrode X. 
[0168] A: During a period from precharge to charge of the pixel 
electrode Y, the pixel electrode Y is not charged simulta- 
neously while other pixel electrodes than the pixel elec- 
trodes X and Y are being charged; and B: The charged 
pixel electrodes Y and X have the same polarity, and se- 
lection timings (charged timings) thereof are proximate to 
each other. 

[0169] Accordingly, in this second embodiment, as a precharge 
method meeting the above conditions A and B, for exam- 
ple, a mode is employed, in which the pixel electrode A32 
at the second later stage is selected when the pixel elec- 
trode A31 is charged. Specifically, as shown by the chain 
line in Fig. 14, during the period from time tO to time tl 
(first timing), the potentials of the scan signals Gn+3 out 
and Gn+5 out are raised. Thus, the scan lines Gn+3 and 
Gn+5 (specified scan lines) selecting the pixel electrode 
A32 are selected as shown in Fig. 16, and the first and 
second TFTs M31 and M32 controlling the supply of the 
display signal to the pixel electrode A32 are turned on. 
Accordingly, the same display signal as the display signal 



supplied to the pixel electrode A31 is supplied from the 
signal line Dm to the pixel electrode A32, to which the 
potential Va21 is applied. Therefore, the pixel electrode 
A32 is precharged in the same polarity as that of the pixel 
electrode A31. 

[0170] N 0 te that, in this case, the scan line Gn+5 is selected, and 
thus the third TFT M33 controlling the supply of the dis- 
play signal from the signal line Dm to the pixel electrode 
C33 is turned on. Accordingly, the potential Va21 is also 
applied to the pixel electrode C33. 

[0171] Thereafter, during the period from time tl to time t2 and 
the period from time t2 to time t3, any of the scan lines G 
is not selected for the precharge. Accordingly, as shown in 
Figs. 17 and 18, the potential Va21 is maintained in the 
pixel electrode A32. Here, since the drive polarity of the 
pixels is inverted for every row, the potential Va21 
precharged to the pixel electrode A32 and a potential to 
be actually charged to the pixel electrode A32 are at the 
same polarity. Thereafter, as shown in Fig. 14, in the pe- 
riod from time t5 to time t8 (second horizontal scan pe- 
riod) while the pixel electrodes A32, B32 and C32 (second 
group of pixel electrodes) are sequentially driven, during 
the period from time t5 to time t6 (first time of second 



timing), the scan lines Gn+3 and Gn+5 are simultaneously 
selected. Thus, before the pixel electrode A32 is charged, 
at least one of the scan signals Gn+3 out and Gn + 5 out is 
not selected. Specifically, signals different from those 
during the charge are outputted to the scan lines Gn + 3 
and Gn+5. Therefore, the pixel electrode A32 is not 
precharged again during the period from the precharge to 
the charge. Accordingly, the precharge method of this 
second embodiment meets the above-described condi- 
tions A and B. 

[0172] Furthermore, similarly to the above, when the pixel elec- 
trodes D31, A32... are charged, the pixel electrodes D32, 
A33... at the second later stage are precharged, and thus 
the precharge meeting the above-described conditions A 
and B can be carried out. 

[0173] such precharge method is shown in matrix in Fig. 19. In 
the matrix of Fig. 19, columns denoted by codes A, B and 
C indicate timing when the pixel electrodes A31, A32..., 
B31, B32..., and C31, C32... are driven, respectively. In 
addition, rows denoted by codes g(n+l), g(n+2)... repre- 
sent the scan lines G(n+1), G(n+2).... Moreover, items of 
the matrix indicate, by the presence of hatchings, as to 
whether or not the scan lines G(n+1), G(n+2)... are se- 



lected at timing when the pixel electrodes A31, A32..., 
B31, B32..., and C31, C32... are driven. For example, a 
hatching at row 1 column 1 of this matrix indicates that 
the scan line G(n + 1) is selected at the timing when the 
pixel electrode A31 is selected. 
[° 174 ] In addition, a letter of A, B or C displayed in each item of 
the matrix indicates that any of the pixel electrodes A31, 
A32..., B31, B32..., and C31, C32... is driven by selecting 
one corresponding to the item from the scan lines G(n + 1), 
G(n+2).... For example, the letters "A" are displayed in row 
1 column 1 and in row 3 column 1 in the matrix. Thus, in- 
dicated is that the pixel electrodes A31, A32... and the 
like are driven by simultaneously selecting the scan lines 
G(n + 1) and G(n+3) at the timing when the pixel elec- 
trodes A31, A32... are driven. In addition, letters of "PA" 
displayed on the items indicate that the pixel electrodes 
A31, A32... and the like are precharged by selecting the 
scan lines G(n+1), G(n+2)... corresponding to the items. 
For example, the display of "PA" on row 3 column 1 and 
on row 5 column 1 of the matrix indicates that the pixel 
electrodes A31, A32... are precharged and driven by se- 
lecting the scan lines G(n+3) and G(n + 5) simultaneously 
at timing when the pixel electrodes A31, A32... are to be 



driven. Here, a display of "A/PA" made in row 3 column 1 
of the matrix indicates that the scan line G(n+3) is se- 
lected for both purposes of charging the pixel electrode 
A31 and of precharging the pixel electrode A32 at the 
timing corresponding to the item. 

[0175] As described above, in this second embodiment, while the 
conditions necessary for the precharge being satisfied, the 
charge and precharge for the pixel electrodes having the 
multiplexed pixel structure can be carried out, and thus 
the highly defined liquid crystal display device 1 can be 
driven accurately. 

[0176] Moreover, in the precharge method of this second em- 
bodiment, for example, during the period from time tO to 
time tl, the scan lines G(n+1) and C(n+3) are selected in 
order to charge the pixel electrode A31, and the scan 
lines G(n + 3) and G(n+5) are selected in order to 
precharge the pixel electrode A32 simultaneously when 
the pixel electrode A31 is charged. Specifically, the selec- 
tion control line for the pixel electrode to be charged and 
the selection control line for the pixel electrode to be 
precharged duplicate. By employing such configuration, 
the interval between the row where the pixel electrode to 
be charged is present and the row where the pixel elec- 



trode to be precharged simultaneously therewith is 
present can be narrowed. Thus, the time interval from the 
precharge to the charge can be shortened to make it pos- 
sible to minimize an influence thereof to pixels other than 
the display pixels. 
[0177] N 0te t hat, in the above second embodiment, the pixel 

electrode B31 may be charged with the potential Va21 by 
selecting the scan line Gn+2 during the drive of the pixel 
electrode A31. Thus, the pixel electrode B31 can be 
charged before the actual drive thereof, thus making it 
possible to prevent the shortage of write to the pixel elec- 
trode B31. 

[0178] (Third embodiment) Next, description will be made for a 
third embodiment of the present invention. 

[0179] | n this third embodiment, since the entire configuration of 
a liquid crystal display device 1, the circuit configuration 
of an array substrate and the circuit configuration of a 
gate driver 5 are common to those of the second embodi- 
ment, here, description of the configurations common to 
those of the second embodiment will be omitted, and de- 
scription will be mainly made for points different from 
those of the second embodiment. 

[0180] The different point of this third embodiment from that of 



the second embodiment is a point regarding the operation 
of the liquid crystal display device 1. Hereinafter, descrip- 
tion will be made for the operation of the liquid crystal 
display device 1. 

[0181] N 0 te that, also in this third embodiment, the precharge 
method is employed, in which, before a display signal 
voltage to be maintained by a pixel during one horizontal 
scan period of a screen is written to the pixel, another 
display signal voltage is preliminarily written thereto. 

[0182] | n pig. 20, diagrams Gn out to Gn + 5 out represent wave- 
forms of scan signals outputted to the scan lines Gn to 
Gn+5, which are generated by shift pulses propagating to 
the shift registers SR. Specifically, at timing when a por- 
tion represented by each solid line or chain line in these 
diagrams rises, the relevant scan line G is selected, and at 
timing when the portion does not rise, the relevant scan 
line G is not selected. Note that, among the rising por- 
tions of these diagrams, the portions represented by the 
solid lines indicate timing when the display signal volt- 
ages to be maintained in one horizontal scan period by 
pixel electrodes are charged thereto. Moreover, the por- 
tions represented by the chain lines indicate timing when 
display signal voltages are written to the pixel electrodes 



in order to precharge the pixel electrodes in addition to 
the selection control of scan lines G for charging the pixel 
electrodes. 

[0183] Moreover, Dm(2) shown in Fig. 20 indicates a potential of 
a data signal supplied from the signal line Dm, which in- 
dicates timing when the data signal is changed. The data 
signal Dm(2) shown here includes a change in polarity. As 
will be described later, the pixel electrode A31 is driven at 
the same polarity as that of the pixel electrodes E31 and 
F31 by the data signal Dm(2), and the pixel electrode B31 
is driven at a polarity different from that of the pixel elec- 
trodes C31 and D31. 

[0184] First, description will be made for a procedure for charg- 
ing a pixel electrode. 

[0185] As shown in Fig. 20, when the scan signals Cn + 1 out to 
Gn+3 out are generated and supplied to the scan lines 
Gn+1 to Gn + 3 (first group of scan lines), if attention is 
paid to portions represented by the solid lines among the 
scan signals Gn + 1 out to Gn+3 out, that is, timing when 
the display signal voltages are written to the pixel elec- 
trodes, then both of the scan lines Gn+1 and Gn+3 are 
selected during a period from time tO to time tl (first tim- 
ing). Therefore, as shown in Fig. 21, the first to third TFTs 



M31 to M33 are turned on. Thus, a potential Va31 to be 
applied to the pixel electrode A31 from the signal line Dm 
is supplied to the pixel electrodes A31, C31 and C32 that 
is connected to the scan line Gn+3 through the third TFT 
M33. Thus, the potential Va31 of the pixel electrode A3 1 
is determined. Note that, in Fig. 21, the selected scan 
lines G are represented by bold lines. In addition, here, 
the potential Va31 is assumed to be a positive potential, 
and in Fig. 21, that the potential Va31 applied to the pixel 
electrode A31 or the like is a positive potential is denoted 
by a code "+". Hereinafter, also in Figs. 22 to 26, the po- 
larity of the potential applied to the pixel electrode is de- 
noted by the code "+" or "-" similarly. 
[0186] Next, during the period from time tl to time t2 (second 
timing), the potential supplied from the signal line Dm is 
changed to a potential Vb31 to be applied to the pixel 
electrode B31, and the polarity thereof is inverted into a 
negative potential. Here, as shown in Fig. 20, the scan 
lines Gn+1 and Gn+2 are selected, and the scan line 
Gn+3 is not selected. Thus, as shown in Fig. 22, the sec- 
ond TFT M32 is turned off. Moreover, the potential of the 
scan line Gn+3 (OFF potential) is supplied to the gate 
electrode of the first TFT M3 1, and thus the first TFT M3 1 



is turned off. In addition, the third to fifth TFTs M33 to 
M35 are turned on. Accordingly, the potential Vb31 is ap- 
plied to the pixel electrodes B31, C31 and F31. Conse- 
quently, the potential Vb31 of the pixel electrode B31 is 
determined. 

[0187] Furthermore, during the following period from time t2 to 
time t3 (third timing), the potential supplied from the sig- 
nal line Dm is changed to a potential Vc31 to be applied 
to the pixel electrode C31. Here, during the period from 
time t2 to time t3, as shown in Fig. 20, only the scan line 
Gn+1 is set at the selection potential. Then, as shown in 
Fig. 23, the third TFT M33 is turned on, and the potential 
Vc31 of the signal line Dm is applied to the pixel elec- 
trode C31 through the third TFT M33. Thus, the potential 
Vc31 of the pixel electrode C31 is determined. 

[0188] N 0 te that the period from time tO to time t3 corresponds 
to one horizontal scan period (first horizontal scan pe- 
riod). The pixel drive as described above is carried out 
during this period, and thus the potential of the signal 
line Dm can be supplied to the pixel electrodes A31, B31 
and C31 (first group of pixel electrodes) by time division. 

[0189] Then, during the following period from time t3 to time t4, 
after the scan line Gn + 1 is set at a non-selection poten- 



tial, the potential of the signal line Dm is changed to the 
potential Vd31 to be applied to the pixel electrode D31. 
Then, as shown in Fig. 20, the scan lines Gn+2 and Gn+4 
are set at the selection potential. Thus, as shown in Fig. 

24, the first and second TFTs M31 and M32 connected to 
the scan lines Gn+2 and Gn+4 are turned on, and the po- 
tential Vd31 is applied to the pixel electrode D31. More- 
over, in this case, since the third TFT M33 connected to 
the scan lines Gn+2 and Gn+4 is turned on, the potential 
Vd31 is supplied to the pixel electrodes F31 and F32. 

[0190] Furthermore, during the following period from time t4 to 
time t5, as shown in Fig. 20, the scan line Gn+4 is set at 
the non-selection potential, and the polarity of the poten- 
tial of the signal line Dm is inverted again to be positive, 
and the potential is changed to the potential Ve31 to be 
applied to the pixel electrode E31. Then, as shown in Fig. 

25, the scan lines Gn+2 and Gn+3 are set at the selection 
potential, and thus the fifth TFT M35 connected to the 
scan line Gn+2 is turned on. Moreover, the potential of 
the scan line Gn+3 is supplied to the fourth TFT M34, and 
thus the fourth TFT M34 is turned on. Consequently, the 
potential Ve31 is applied to the pixel electrode E31. In ad- 
dition, in this case, since the third TFT M33 connected to 



the scan lines Gn+2 and Gn+4 is turned on, the potential 
Ve31 is supplied to the pixel electrodes F31 and C32. 

[0191] Moreover, during the following period from time t5 to 

time t6, as shown in Fig. 20, the scan line Gn + 3 is set at 
the non-selection potential, and the potential of the signal 
line Dm is changed to the potential Vf31 to be applied to 
the pixel electrode F31. Then, in this case, since only the 
scan line Gn+2 is set at the selection potential, as shown 
in Fig. 26, the third TFT M33 connected to the scan line 
Gn+2 is turned on, and the potential Vf31 is supplied to 
the pixel electrode F31. 

[° 192 ] In such a manner, during one horizontal scan period 
(period from time t3 to time t6), the potentials Vd31, 
Ve31 and Vf31 can be supplied to the pixel electrodes 
D31, E31 and F31, respectively, by time division. 

[0193] By iterating a procedure similar to the above, the poten- 
tials of the pixel electrodes including the pixel electrodes 
A32 to C32 are determined by time division. 

[0194] Consequently, each pixel is driven in a state where the 

potential Va31 supplied to the pixel electrode A31 and the 
potentials Vb31 and Vc31 supplied to the pixel electrodes 
B31 and C31 are made reverse in polarity, and in a state 
where the potential Vd31 supplied to the pixel electrode 



D31 and the potential Ve31 and Vf31 supplied to the pixel 
electrodes E31 and F31 are made reverse in polarity. 
Moreover, the pixel electrodes A31 and D31 are reverse 
from each other in polarity, and the pixel electrodes B31 
and C31 and the pixel electrodes E31 and F31 are reverse 
from each other in polarity. Therefore, the line inversion 
drive is realized, in which the polarity is inverted for every 
row. 

[0195] Next, description will be made for the precharge method 
of a pixel. 

[0196] | n this third embodiment, for example, when the pixel 
electrode B31 is charged, the pixel electrode D31 
(specified pixel electrode) located at the first later stage is 
selected. Specifically, as shown by chain lines in Fig. 20, 
during the period from time tl to time t2 (second time of 
first timing), in addition to the scan signals Gn+1 out and 
Gn+2 out, the potential of the scan signal Gn+4 out is 
raised. Thus, as shown in Fig. 22, the scan lines Gn+2 and 
Gn+4 (specified scan lines, second group of scan lines) 
selecting the pixel electrode D31 are selected, and the 
first and second TFTs M31 and M32 controlling the supply 
of the display signal to the pixel electrode D31 are turned 
on. Accordingly, the same display signal as the display 



signal supplied to the pixel electrode B31 is supplied from 
the signal line Dm to the pixel electrode D31, to which the 
potential Vb31 is applied. Therefore, the pixel electrode 
D31 is precharged in the same polarity as that of the pixel 
electrode B31. 

[0197] N 0te t hat, in this case, the scan line Gn+4 is selected, and 
thus the third TFT M33 controlling the supply of the dis- 
play signal from the signal line Dm to the pixel electrode 
F32 is turned on. Accordingly, the potential Vb31 is also 
applied to the pixel electrode F32. 

[0198] Thereafter, during the period from time t2 to time t3, any 
of the scan lines C is not selected for the precharge. Ac- 
cordingly, as shown in Fig. 23, the potential Vb31 is 
maintained in the pixel electrode D31. Here, since the 
drive polarity of the pixels is inverted for every row, the 
potential to be actually charged to the pixel electrode D31 
is reverse from the pixel electrode A31 in polarity. More- 
over, since the pixel electrode A31 and the pixel electrode 
B31 are driven at the polarities reverse from each other, 
the potential Vb31 precharged to the pixel electrode D31 
and the potential to be actually charged to the pixel elec- 
trode D31 are at the same polarity. Thereafter, in the pe- 
riod from time t3 to time t6 (second horizontal scan pe- 



riod) while the pixel electrodes A32, B32 and C32 (second 
group of pixel electrodes) are sequentially driven, during 
the period from time t3 to time t4 (first time of second 
timing), the scan lines Gn+2 and Gn+4 are simultaneously 
selected, and the pixel electrode D31 is charged. There- 
fore, the pixel electrode D31 is not precharged again dur- 
ing the period from the precharge to the charge. In addi- 
tion, the same is established when the pixel electrode A32 
is precharged. Accordingly, the precharge method of this 
third embodiment meets the following two conditions A 
and B. 

[0199] A: During a period from precharge to charge of the pixel 
electrode Y, the pixel electrode Y is not precharged simul- 
taneously while other pixel electrodes than the pixel elec- 
trodes X and Y are being charged; and B: The charged 
pixel electrodes Y and X have the same polarity, and se- 
lection timings (charged timings) thereof are proximate to 
each other. 

[0200] such precharge method is shown in matrix in Fig. 27. In 
the matrix of Fig. 27, columns denoted by codes A, B and 
C indicate timing when the pixel electrodes A31, B31 and 
C31 are driven, respectively. In addition, rows denoted by 
codes g(n+l), g(n+2)... represent the scan lines G(n + 1), 



G(n+2).... Moreover, items of the matrix indicate, by the 
presence of hatchings, as to whether or not the scan lines 
G(n + 1), G(n+2)... are selected at timing when the pixel 
electrodes A31, B31 and C31 are driven. For example, a 
hatching at row 1 column 1 of this matrix indicates that 
the scan line G(n + 1) is selected at the timing when the 
pixel electrode A31 is selected. 
[0201] | n addition, a letter of A, B or C... displayed in each item 
of the matrix indicates that any of the pixel electrodes 
A31, B31, and C31... is driven by selecting one corre- 
sponding to the item from the scan lines G(n+1), 
G(n+2).... For example, the letters "A" are displayed in row 
1 column 1 and in row 3 column 1 in the matrix. Thus, in- 
dicated is that the pixel electrode A31 is driven by simul- 
taneously selecting the scan lines G(n+1) and G(n + 3) at 
the timing when the pixel electrodes A31, A32... are to be 
driven. In addition, letters of "PD" displayed on the matrix 
indicate that the pixel electrode D31 is precharged by se- 
lecting the scan lines G(n+1), G(n+2)... corresponding to 
the items. For example, the display of "PD" on row 2 col- 
umn 2 and on row 4 column 2 of the matrix indicates that 
the pixel electrode D31 is precharged and driven by se- 
lecting the scan lines G(n+2) and G(n+4) simultaneously 



at timing when the pixel electrode B31 is to be driven. 
[0202] According to this matrix, it can be understood that the 

precharge of a pixel electrode (D31) is carried out at tim- 
ing when a pixel electrode (B31) located in a different col- 
umn is charged, and that a group of scan lines (Gn+2 and 
Gn+3) for carrying out the precharge and a group of scan 
lines (Gn + 1 and Gn+2) for carrying out the charge dupli- 
cate. 

[0203] As described above, in this third embodiment, while the 

conditions necessary for the precharge being satisfied, the 
charge and precharge for the pixel electrodes having the 
multiplexed pixel structure can be carried out, and thus 
the highly defined liquid crystal display device 1 can be 
driven accurately. 

[0204] Moreover, in this third embodiment, for example, the 
pixel electrode D31 is precharged when the pixel elec- 
trode B31 is charged, and the pixel electrode A32 is 
precharged when the pixel electrode E32 is charged. In 
such a manner, among the pixel electrodes including 
those in the columns different from that of the pixel elec- 
trode to be charged, the pixel electrodes meeting the 
above-described conditions A and B are selected. Thus, in 
comparison with the case of selecting the pixel electrodes 



meeting the above-described conditions A and B only 
among the pixel electrodes located in the same column, 
the selection range is expanded. Accordingly, the interval 
between the row where the pixel electrode to be charged 
is present and the row where the pixel electrode to be 
precharged simultaneously therewith is present can be 
narrowed. Thus, the time interval from the precharge to 
the charge can be shortened to make it possible to mini- 
mize an influence thereof to pixels other than the display 
pixels. 

[0205] | n addition, in this third embodiment, scan lines G (Gn+1 
and Gn+2) are selected in order to charge the pixel elec- 
trode B31, and scan lines G (Gn+2 and Gn+4) are selected 
in order to precharge the pixel electrode D32 simultane- 
ously when the pixel electrode B31 is charged. As de- 
scribed above, the configuration is employed, in which the 
selection control line of the pixel electrode to be charged 
and the selection control line of the pixel electrode to be 
precharged duplicate. Thus, the interval between the row 
where the pixel electrode to be charged is present and the 
row where the pixel electrode to be precharged simulta- 
neously therewith can be narrowed, thus enabling the 
above-described effect to be more remarkable. (Fourth 



embodiment) Next, description will be made for a fourth 
embodiment of the present invention. 

[0206] | n this fourth embodiment, since the entire configuration 
of a liquid crystal display device 1 and the circuit configu- 
ration of an array substrate are common to those of the 
first embodiment, here, description of the configurations 
common to those of the first embodiment will be omitted, 
and description will be mainly made for points different 
from those of the first embodiment. 

[0207] The different point of this fourth embodiment from that of 
the first embodiment is a point regarding the operation of 
the liquid crystal display device 1. Hereinafter, description 
will be made for the operation of the liquid crystal display 
device 1. 

[0208] | n pig. 28, diagrams Gn out to Cn + 7 out represent wave- 
forms of scan signals outputted to the scan lines Cn to 
Gn+7, which are generated by shift pulses propagating to 
the shift registers SR. Specifically, at timing when a por- 
tion represented by each solid line or chain line in these 
diagrams rises, the relevant scan line G is selected, and at 
timing when the portion does not rise, the relevant scan 
line G is not selected. Note that, among the rising por- 
tions of these diagrams, the portions represented by the 



solid lines indicate timing when the display signal volt- 
ages to be maintained in one horizontal scan period by 
pixel electrodes are written thereto. Moreover, the por- 
tions represented by the chain lines indicate timing when 
display signal voltages are preliminarily written to the 
pixel electrodes in order to compensate the shortage of 
the display signal voltages before the display signal volt- 
ages are written thereto. Specifically, the portions repre- 
sented by the chain lines indicate the timing of precharge. 
[0209] Moreover, Dm(l) shown in Fig. 28 indicates a potential of 
a data signal supplied from the signal line Dm, which in- 
dicates timing when the data signal is changed. Here, 
Dm(l) shown here includes a change in polarity. As will be 
described later, all of the pixel electrodes All, Bll, Cll 
and Dll are driven at the same polarity by the data signal 
Dm(l). 

[0210] Next, description will be made for the operation of the 
liquid crystal display device 1 of this fourth embodiment 
with reference to a timing chart of scan signals, which is 
shown in Fig. 28, a timing chart of clock signals, shift 
pulses and output control signals, which is shown in Fig. 
29, and circuit diagrams of Figs. 30 to 34. 

[0211] Note that, also in this fourth embodiment, the precharge 



method is employed, in which, before a display signal 
voltage to be maintained by a pixel during one horizontal 
scan period of a screen is written to the pixel, another 
display signal voltage is preliminarily written thereto. 
[0212] Moreover, Fig. 29 is a timing chart showing a relation 

among the scan signals Cn+1 out to Gn+4 out supplied to 
the scan lines Gn+1 to Gn+4, a shift pulse SDI outputted 
to the shift registers SR and the output control signals 
OE1 to OE3, both of which correspond to the above- 
described scan signals, and a clock signal YCLK driving 
the shift registers SR. Note that, in the scan signals Gn+1 
out to Gn+4 out shown in Fig. 29, the portions where the 
potentials rise for the precharge are also represented by 
solid lines. 

[0213] | n order to drive pixels in this liquid crystal display device 
1, first, the shift pulse SDI is outputted from the pulse 
generation unit 9 of the control circuit 6 to the gate driver 
5 (see Fig. 29). 

[0214] a s shown in Fig. 29, the shift pulse SDI is a signal row 
composed of a first pulse PI with a time width from rise 
to fall for two cycles of the clock signal YCLK and a sec- 
ond pulse P2 with a time width from rise to fall for two 
cycles of the clock signal YCLK. Here, one cycle of the 



clock signal YCLK is equal to one horizontal scan period 
of the screen. Specifically, the shift pulse SDI is a signal 
row having a time width for six horizontal scan periods in 
total, in which the first pulse PI has the time width for 
two horizontal scan periods, and the second pulse P2 with 
the time width for one horizontal scan period is continu- 
ous with the first pulse PI with an interval for two hori- 
zontal scan periods spaced therefrom. 
[0215] | n the shift register unit 12 of the gate driver 5, the shift 
pulse SDI moves to the next shift register SR for one cycle 
of the clock signal YCLK synchronously with the rise of the 
clock signal YCLK. Therefore, by providing, to the shift 
pulse SDI, the time width for six horizontal scan periods, 
the shift pulse SDI sequentially moves while existing in 
two adjacent shift registers SR and two shift registers SR 
spaced therefrom by an interval for two registers. Here, by 
supplying the output control signals OE1 to OE3 as shown 
in Fig. 29 to the buffers B adjacent from one another, the 
buffers B connected to six shift registers SR are controlled 
simultaneously, and thus six scan lines G can be selected 
and controlled simultaneously. In addition, here, since the 
buffers B are turned on when values of the output control 
signals OE inputted thereto are "0", and turned off when 



the values are "1", the scan signals Gn+1 out to Gn+4 out 
will be as shown in a lower part of Fig. 29. 

[0216] Next, description will be made for a procedure for charg- 
ing a pixel electrode. 

[0217] OAs shown in Fig. 28, when the scan signals Gn + 1 out 
and Gn+2 out are generated and supplied to the scan 
lines Gn+1 and Gn+2 (first group of scan lines), if atten- 
tion is paid to portions represented by the solid lines 
among the scan signals Gn+1 out and Gn+2 out, that is, 
timing when the display signal voltages are written to the 
pixel electrodes, then both of the scan lines Gn+1 and 
Gn+2 are selected during a period from time tO to time tl 
(first timing). Therefore, as shown in Fig. 30, the first to 
third TFTs Ml to M3 are turned on. Thus, a potential Va41 
to be applied to the pixel electrode All from the signal 
line Dm is supplied to the pixel electrodes All, Bll and 
Dll. Thus, the potential Va41 of the pixel electrode All 
is determined. Note that, in Fig. 30, the selected scan 
lines Gn+1 and Gn+2 are represented by bold lines. 

[0218] Meanwhile, during the following period from time tl to 
time t2 (second timing), the scan line Gn+2 is set at the 
non-selection potential, and only the scan line Gn+1 is 
selected. Accordingly, as shown in Fig. 31, only the third 



TFT M3 is turned on. Here, the potential supplied from the 
signal line Dm is changed to a potential Vb41 to be ap- 
plied to the pixel electrode Bl 1, and thus the potential 
Vb41 is supplied to the pixel electrode Bll to determine 
the potential of the pixel electrode Bll. Note that the pe- 
riod from time tO to time t2 corresponds to one horizontal 
scan period (first horizontal scan period). The pixel drive 
as described above is carried out during this period, and 
thus the potential of the signal line Dm can be supplied to 
the pixel electrodes All and Bll (first group of pixel 
electrodes) by time division. 

[0219] After the scan line Gn+1 is set at the non-selection po- 
tential, the potential of the signal line Dm is changed to a 
potential Vc41 to be applied to the pixel electrode Cll. 

[0220] Here, in Fig. 28, when attention is paid to the scan signals 
Gn+2 out and Gn+3 out, both of the scan lines Gn+2 and 
Gn+3 are selected during the period from time t2 to time 
t3. Thus, as shown in Fig. 32, the potential Vc41 to be ap- 
plied from the signal line Dm to the pixel electrode Cll is 
supplied to the pixel electrodes Cll, Dll and B12, and 
the potential Vc41 of the pixel electrode Cll is deter- 
mined. 

[° 221 ] In addition, during the following period from time t3 to 



time t4, the scan line Gn+3 is set at the non-selection po- 
tential, and only the scan line Gn+2 is selected. Therefore, 
as shown in Fig. 33, the potential supplied from the signal 
line Dm is changed to a potential Vd41 to be applied to 
the pixel electrode Dll, and thus the potential Vd41 is 
supplied to the pixel electrode Dll to determine the po- 
tential of the pixel electrode Dll. 

[0222] Furthermore, after the time t4, as shown in Fig. 28, the 
polarity of the scan signal Dm(l) is inverted. 

[0223] Then, after the time t4, the potentials Va42, Vb42, Vc42 
and Vd42 are supplied to pixel electrodes A12, B12, C12 
and D12 at a lower stage than the pixel electrodes All, 
Bll, Cll and Dll in a similar procedure. Thereafter, the 
potentials to be supplied to the pixel electrodes are sup- 
plied thereto while inverting the polarity for every two 
rows. Accordingly, the liquid crystal display device 1 is 
driven as a display device of a two-line inversion drive, in 
which the polarity is inverted for every two rows. 

[0224] Next, description will be made for the precharge method 
of pixels. 

[0225] | n this fourth embodiment, for example, when the pixel 
electrode All is charged, a pixel electrode A13 (specified 
pixel electrode) at the fourth later stage than the pixel 



electrode All is selected as a pixel electrode meeting the 
above-described conditions A and B. 
[0226] Specifically, as shown by the chain lines in Fig. 28, the po- 
tentials of the scan signals Gn+5 out and Gn+6 out are 
raised during the period from time tO to time tl. Thus, as 
shown in Fig. 30, the scan lines Gn+5 and Gn+6 (second 
group of scan lines, specified scan lines) selecting the 
pixel electrode A13 are selected and controlled, and the 
first and second TFTs Ml and M2 controlling the supply of 
the display signal to the pixel electrode A13 are turned 
on. Accordingly, the same display signal as the display 
signal supplied to the pixel electrode All is supplied from 
the signal line Dm to the pixel electrode A13, to which the 
potential Va41 is applied. Therefore, the pixel electrode 
A13 is precharged in the same polarity as that of the pixel 
electrode All. 

[0227] N 0 t e that, in this case, the scan line Gn+5 is selected, and 
thus the third TFT M3 controlling the supply of the display 
signal from the signal line Dm to the pixel electrode B13 
is turned on. In addition, a scan line Gn+6 is selected, and 
thus a third TFT M3 controlling a supply of a display sig- 
nal from the signal line Dm to a pixel electrode D13 is 
turned on. Accordingly, the potential Va41 is also applied 



to these pixel electrodes B13 and D13. Thereafter, during 
the period from time tl to time t2, as shown in Fig. 28, 
any of the scan lines G is not selected for the precharge. 
Accordingly, as shown in Fig. 31, the potential Va41 is still 
maintained in the pixel electrodes A13, B13 and D13. 
[0228] Next, during the period from time t2 to time t3 while the 
pixel electrode Cll is being charged, as shown by chain 
lines in Fig. 28, potentials of scan signals Gn+6 out and 
Gn+7 out rise, and thus scan signal lines Gn+6 and Gn + 7 
are selected and controlled. Thus, the first and second 
TFTs Ml and M2 controlling a supply of display signals to 
the pixel electrodes C13 and D13 are turned on. Then, as 
shown in Fig. 32, the display signal is supplied from the 
signal line Dm to the pixel electrode C13, and thus a po- 
tential Vc41 that is the same as that of the pixel electrode 
Cll is applied to the pixel electrode C13. Accordingly, the 
pixel electrode C13 can be precharged with the potential 
of the same polarity as that of the pixel electrode Cll. 
Note that, in this case, the scan line Gn+6 is selected, and 
thus the third TFT M3 controlling the supply of the display 
signal from the signal line Dm to the pixel electrode D13 
is turned on. Accordingly, the potential Vc41 is also ap- 
plied to the pixel electrode D13. 



[0229] Furthermore, during the following period from time t3 to 
time t4, as shown in Fig. 28, any of the scan lines G is not 
selected for the precharge. Accordingly, as shown in Fig. 
33, the pixel electrodes A13 and B13 maintain the poten- 
tial Va41, and the pixel electrodes C13 and D13 maintain 
the potential Vc41. 

[0230] | n a similar procedure to the above, the precharge is car- 
ried out for the pixel electrodes at a later stage than the 
pixel electrodes to be charged. 

[° 231 ] Incidentally, as described above, it is desirable that a pixel 
electrode Y precharged simultaneously when a certain 
pixel electrode X is charged have relations as the follow- 
ing A and B to the pixel electrode X. 

[0232] A: During a period from precharge to charge of the pixel 
electrode Y, the pixel electrode Y is not precharged simul- 
taneously while other pixel electrodes than the pixel elec- 
trodes X and Y are being charged; and B: The charged 
pixel electrodes Y and X have the same polarity, and se- 
lection timings (charged timings) thereof are proximate to 
each other. 

[0233] | n this precharge method of the fourth embodiment, for 
example, attention is paid to the scan signals Gn+5 out 
and Gn+6 out shown in Fig. 28. Then, during the period 



from time tO to time tl (first timing), the pixel electrode 
A13 (specified pixel electrode) is precharged by selecting 
the scan lines Gn+5 and Gn+6 (specified scan lines). 
Thereafter, before both of the scan lines Gn + 5 and Gn+6 
(second group of scan lines) are selected during the pe- 
riod from time t5 to time t6 (see Fig. 1, first time of the 
second timing) in the period during time t5 to time t7 
(second horizontal scan period) while the pixel electrodes 
A12 and B12 (second group of pixel electrodes) are being 
sequentially driven to charge the pixel electrode A13, at 
least any one of the scan lines Gn+5 and Gn+6 is not se- 
lected during the drive of other pixel electrodes. Specifi- 
cally, signals different from those during the charge are 
outputted to the scan lines Gn+5 and Gn+6. Accordingly, 
the pixel electrode A13 is not precharged again until be- 
ing charged during the period from time t5 to time t6 af- 
ter being precharged during the period from time tO to 
time tl. Accordingly, the precharge is carried out as de- 
scribed above to meet the above-described condition A. 
Specifically, during the period from the precharge to the 
charge of the pixel electrode Y, the pixel electrode Y is 
not precharged simultaneously while other pixel elec- 
trodes than the pixel electrodes X and Y are being 



charged. The same is established also for the other pixel 
electrodes arrayed on the same column as that of the 
pixel electrodes C13 and A13. 

[0234] such precharge method is shown in matrix in Fig. 34. In 
the matrix of Fig. 34, columns denoted by codes A and B 
indicate timing when the pixel electrodes All, Bll and 
Cll are driven, respectively. In addition, rows denoted by 
codes g(n+l), g(n+2)... represent the scan lines G(n + 1), 
G(n+2).... Moreover, items of the matrix indicate, by the 
presence of hatchings, as to whether or not the scan lines 
G(n + 1), G(n+2)... are selected at timing when the pixel 
electrodes All and Bll are driven. For example, a hatch- 
ing at row 1 column 1 of this matrix indicates that the 
scan line G(n+1) is selected at the timing when the pixel 
electrode A31 is driven. 

[0235] | n addition, a letter of A or B displayed in each item of the 
matrix indicates that any of the pixel electrodes All, 
Bll... is driven by selecting one corresponding to the item 
from the scan lines G(n + 1), G(n+2).... For example, the 
letters "A" are displayed in row 1 column 1 and in row 3 
column 1 in the matrix. Thus, indicated is that the pixel 
electrode All is driven by simultaneously selecting the 
scan lines G(n+1) and G(n+2) at the timing when the pixel 



electrode All is to be driven. In addition, letters of "PA" 
displayed on the matrix indicate that the pixel electrodes 
All, A12... are precharged by selecting the scan lines 
G(n + 1), G(n+2)... corresponding to the items. For exam- 
ple, the display of "PA" on row 5 column 1 and on row 6 
column 1 of the matrix indicates that any of the pixel 
electrodes All, A12... (here, pixel electrode A13) is 
precharged and driven by selecting the scan lines G(n+5) 
and G(n+6) simultaneously at timing when the pixel elec- 
trode All is to be driven. 
[0236] According to this matrix, it is understood that the 

precharge of a pixel electrode (A13) is carried out at tim- 
ing when a pixel electrode (All) located in the same col- 
umn is charged, and that a group of scan lines (Gn+5 and 
Gn+6) for carrying out the precharge and a group of scan 
lines (Gn + 1 and Gn+2) for carrying out the charge do not 
duplicate. 

[0237] As described above, in this fourth embodiment, while the 
conditions necessary for the precharge being satisfied, the 
charge and precharge for the pixel electrodes having the 
multiplexed pixel structure can be carried out, and thus 
the highly defined liquid crystal display device 1 can be 
driven accurately. 



[0238] (Fifth embodiment) Next, description will be made for a 
fifth embodiment of the present invention. 

[0239] | n this fifth embodiment, since the entire configuration of 
a liquid crystal display device 1 and the circuit configura- 
tion of an array substrate are common to those of the first 
embodiment, here, description of the configurations com- 
mon to those of the first embodiment will be omitted, and 
description will be mainly made for points different from 
those of the first embodiment. 

[0240] The different points of this fifth embodiment from those 
of the first embodiment are a point regarding structures 
of a control circuit 6' and a gate driver 5' and the opera- 
tion of the liquid crystal display device 1. 

[0241] First, description will be made for the control circuit 6' 

and the gate driver 5' in this fifth embodiment with refer- 
ence to Fig. 35. 

[0242] T ne different point of the control circuit 6 1 of the fifth em- 
bodiment from that of the control circuit 6 of the first em- 
bodiment is that an output on/off control unit 8' provided 
in the control circuit 6' outputs output control signals OE 
to two systems of output control lines OE1 and OE2. 
These two systems of output control lines OE1 and OE2 
are allocated and connected to every two buffers B adja- 



cent to each other of the gate driver 5'. Accordingly, the 
output on/off control unit 8' outputs output control sig- 
nals different from each other to these output control 
lines OE1 and OE2, thus making it possible to individually 
control the two buffers B adjacent to each other. 

[0243] Next, description will be made for the operation of the 
liquid crystal display device 1 in this fifth embodiment 
with reference to timing charts of Figs. 36 and 37 and cir- 
cuit diagrams of Figs. 38 to 41. 

[0244] Note that, in this fifth embodiment, the precharge of pix- 
els is not carried out. 

[0245] | n pig. 36, diagrams Gn out to Cn + 3 out represent wave- 
forms of scan signals outputted to the scan lines Gn to 
Gn+3, which are generated by shift pulses propagating to 
the shift registers SR. Specifically, at timing when a por- 
tion of these diagrams rises, the relevant scan line G is 
selected, and at timing when the portion does not rise, 
the relevant scan line G is not selected. 

[0246] Moreover, Dm(2) shown in Fig. 36 indicates a potential of 
a data signal supplied from the signal line Dm, which in- 
dicates timing when the data signal is changed. Here, Dm 
shown here includes a change in polarity. As will be de- 
scribed later, in accordance with the operation of the data 



signal Dm(2), the pixel electrode All is driven at the 
same polarity as that of the pixel electrode Bll and at a 
different polarity from that of the pixel electrodes Cll 
and Dll. 

[0247] Furthermore, Fig. 37 is a timing chart showing a relation 
among the scan signals Cn+1 out to Gn+3 out supplied to 
the scan lines Gn+1 to Gn+3, a shift pulse SDI outputted 
to the shift register SR and the output control signals OE1 
and OE2, both of which correspond to the above-de- 
scribed scan signals, and a clock signal YCLK driving the 
shift registers SR. 

[0248] | n order to drive pixels in this liquid crystal display device 
1, first, the shift pulse SDI is outputted from the pulse 
generation unit 9 of the control circuit 6' to the gate driver 
5' (see Fig. 37). 

[0249] As shown in Fig. 37, the shift pulse SDI has a time width 
from rise to fall for two cycles of the clock signal YCLK. 
Here, one cycle of the clock signal YCLK is equal to one 
horizontal scan period of the screen. Specifically, the shift 
pulse SDI has a time width for two horizontal scan peri- 
ods. 

[0250] | n the shift register unit 12 of the gate driver 5', the shift 
pulse SDI moves to the next shift register SR for one cycle 



of the clock signal YCLK synchronously with the rise of the 
clock signal YCLK. Therefore, by providing, to the shift 
pulse SDI, the time width for two cycles of the clock signal 
YCLK, the shift pulse SDI sequentially moves while exist- 
ing in two adjacent shift registers SR. Accordingly, by 
supplying the output control signals OE1 and OE2 as 
shown in Fig. 37 to the buffers B adjacent to each other, 
the buffers B connected to two shift registers SR are con- 
trolled simultaneously, and thus two scan lines G can be 
selected and controlled simultaneously. 
[0251] The concrete operation of the gate driver 5' will be de- 
scribed as below. Note that the output control signal OE1 
shown in Fig. 37 is supplied to the buffer B connected to 
each input end of the scan lines Cn + 1, Cn+3.... Mean- 
while, the output control signal OE2 is supplied to the 
buffer B connected to each input end of the scan lines 
Gn+2, Gn+4.... 

[0252] At timing from time tO to time t2 shown in Fig. 37, the 
shift pulse SDI is present in each of the shift registers SR 
connected to the scan lines Gn+1 and Gn+2. Here, during 
the period from time tO to time tl, since both of the out- 
put control signals OE1 and OE2 supplied to the buffers B 
corresponding to the scan lines Gn+1 and Gn+2 have val- 



ues "0", both of the buffers B connected to input ends of 
the scan lines Gn+1 and Gn + 2 are turned on. Thus, data 
of the shift pulses SDI present in the shift registers SR is 
outputted as the scan signals Gn + 1 out and Gn+2 out to 
the scan lines Gn+1 and Gn+2. Accordingly, during the 
period from time tO to time tl, both of the scan lines 
Gn+1 and Gn+2 can be selected and controlled. 

[0253] Moreover, during the following period from time tl to 

time t2, the value of the output control signal OE1 is set 
at "0", but the value of the output control signal OE2 is set 
at "1". Therefore, only the buffer B connected to the input 
end of the scan line Gn+1 is turned on. Thus, only the 
data of the shift pulse SDI present in the shift register SR 
corresponding to the scan line Gn+1 is outputted to the 
scan line Gn+1. Accordingly, the scan signals Gn + 1 out 
and Gn+2 out become as shown in Fig. 37, and thus only 
the scan line Gn+1 is selected. 

[0254] Furthermore, at the following timing from time t2 to time 
t4, the shift register SR is operated in synchronization 
with the clock signal YCLK, and thus the shift pulse SDI 
moves to each of the shift registers SR connected to the 
scan lines Gn+2 and Gn+3. Here, during the period from 
time t2 to time t3, since both of the output control signals 



0E2 and 0E1 supplied to the buffers B corresponding to 
the scan lines Gn+2 and Gn+3 have values "0", both of 
the buffers B connected to the input ends of the scan lines 
Gn+2 and Gn+3 are turned on. Thus, the data of the shift 
pulses SDI present in the shift registers SR is outputted as 
the scan signals Gn+2 out and Gn + 3 out to the scan lines 
Gn+2 and Gn+3. Accordingly, during the period from 
time t2 to time t3, both of the scan lines Gn+2 and Gn+3 
can be selected and controlled. Moreover, during the pe- 
riod from time t3 to time t4, the value of the output con- 
trol signal OE2 is set at "0", but the value of the output 
control signal OE1 is set at "1". Therefore, only the buffer 
B connected to the input end of the scan line Gn+2 is 
turned on. Thus, only the data of the shift pulse SDI 
present in the shift register SR corresponding to the scan 
line Gn+2 is outputted to the scan line Gn+2. Accord- 
ingly, the scan signals Gn+2 out and Gn+3 out become as 
shown in Fig. 37, and thus only the scan line Gn+2 is se- 
lected. 

[0255] Next, description will be made for a drive method of a 
pixel, which corresponds to such operation of the gate 
driver 5'. 

[0256] As shown in Figs. 36 and 37, when the scan signals Gn+1 



out and Gn+2 out are generated, if attention is paid to the 
scan signals Gn + 1 out and Gn+2 out, then both of the 
scan lines Gn+1 and Gn+2 are selected during the period 
from time tO to time tl. Therefore, as shown in Fig. 38, 
the first to third TFTs Ml to M3 are turned on. Thus, a 
potential Vail to be applied to the pixel electrode All 
from the signal line Dm is supplied to the pixel electrodes 
All, Bll and Dll. Thus, the potential Vail of the pixel 
electrode All is determined. Note that, in Fig. 38, the se- 
lected scan lines Gn+1 and Gn+2 are represented by bold 
lines. 

[0257] Meanwhile, during the following period from time tl to 

time t2, the scan line Gn+2 is set at the non-selection po- 
tential, and only the scan line Gn + 1 is selected. Accord- 
ingly, as shown in Fig. 39, only the third TFT M3 is turned 
on. Here, the potential supplied from the signal line Dm is 
changed to a potential Vbll to be applied to the pixel 
electrode Bll, and thus the potential Vbll is supplied to 
the pixel electrode Bll to determine the potential of the 
pixel electrode Bll. As described above, the potential of 
the signal line Dm can be supplied to the pixel electrodes 
All and Bll by time division. 

[0258] After the scan line Gn+1 is set at the non-selection po- 



tential, as shown in Fig. 36, the polarity of the potential of 
the signal line Dm is inverted, and the potential is 
changed to a potential Veil to be applied to the pixel 
electrode Cll. 

[0259] Here, in Fig. 36, if attention is paid to the scan signals 

Gn+2 out and Gn+3 out, then both of the scan lines Gn+2 
and Gn+3 are selected during the period from time t3 to 
time t4. Therefore, as shown in Fig. 40, the potential Veil 
to be applied to the pixel electrode Cll from the signal 
line Dm is supplied to the pixel electrodes Cll, Dll and 
B12. Thus, the potential Veil of the pixel electrode Cll is 
determined. 

[0260] Moreover, during the following period from time t4 to 

time t5, the scan line Gn+3 is set at the non-selection po- 
tential, and only the scan line Gn+2 is selected. Accord- 
ingly, as shown in Fig. 41, the potential supplied from the 
signal line Dm is changed to a potential Vdll to be ap- 
plied to the pixel electrode Dll, and thus the potential 
Vdll is supplied to the pixel electrode Dll to determine 
the potential of the pixel electrode Dll. 

[0261] | n this case, the potentials Vail and Vbll supplied to the 
pixel electrodes All and Bll are reverse in polarity to the 
potentials Veil and Vdll supplied to the pixel electrodes 



Cll and Dll. Accordingly, the liquid crystal display de- 
vice 1 is driven as a display device of a line inversion 
drive, in which the polarity is inverted for every row. 

[0262] As described above, in this fifth embodiment, the shift 
pulse SDI having the time width of twice the clock signal 
YCLK can be driven favorably by the two systems of out- 
put control lines OE. 

[0263] -425Note that, instead of the fifth embodiment, another 
embodiment may be adopted, in which a shift pulse SDI 
having a time width of m times (m: natural number of 2 or 
more) the clock signal YCLK is controlled by m systems of 
output control lines OE. 

[0264] (Sixth embodiment) Next, description will be made for a 
sixth embodiment of the present invention. 

[0265] | n this sixth embodiment, since the entire configuration of 
a liquid crystal display device 1 and the circuit configura- 
tion of an array substrate are common to those of the first 
embodiment, and a pixel drive method is common to the 
fifth embodiment, here, description of the configurations 
common to those of the first and fifth embodiments will 
be omitted, and description will be mainly made for points 
different from those of the first and fifth embodiments. 

[0266] The different points of this sixth embodiment from that of 



the first and fifth embodiments are points regarding op- 
erations of the control circuits 6 and 6' and the gate 
drivers 5 and 5' when the liquid crystal display device 1 is 
driven. Note that, also in this sixth embodiment, the 
precharge of pixels is not carried out. 

[0267] First, description will be made for the control circuit 6' 
and the gate driver 5' in this sixth embodiment. 

[0268] pig. 42 is a timing chart showing a relation among the 
scan signals Gn + 1 out to Gn+3 out supplied to the scan 
lines Gn+1 to Gn + 3, a shift pulse SDI outputted to the 
shift register SR and the output control signals OE1 to 
OE3, both of which correspond to the above-described 
scan signals, and a clock signal YCLK driving the shift 
registers SR. Note that, in Fig. 42, portions where the po- 
tentials rise for the precharge among the scan signals 
Gn+1 out to Gn+4 out are also represented by solid lines. 

[0269] | n order to drive pixels in this sixth embodiment, first, the 
shift pulse SDI is outputted from the pulse generation unit 
9 of the control circuit 6' to the gate driver 5' (see Fig. 42). 

[0270] As shown in Fig. 42, the shift pulse SDI has a time width 
from rise to fall for two cycles of the clock signal YCLK. 
Here, one cycle of the clock signal YCLK is equal to one 
horizontal scan period of the screen. Specifically, the shift 



pulse SDI has a time width for two horizontal scan peri- 
ods. 

[0271] Here, in the shift register unit 12 of the gate driver 5', the 
shift pulse SDI moves to the next shift register SR for one 
cycle of the clock signal YCLK synchronously with the rise 
of the clock signal YCLK. As described above, by provid- 
ing, to the shift pulse SDI, the time width for two cycles of 
the clock signal, the shift pulse SDI sequentially moves 
while existing in two adjacent shift registers SR. 

[0272] Accordingly, by supplying the output control signals OE1 
and OE2 or OE2 and OE3 as shown in Fig. 37 to the 
buffers B adjacent to each other, the buffers B connected 
to two adjacent shift registers SR are controlled simulta- 
neously, and thus two scan lines C can be selected and 
controlled simultaneously. 

[0273] The concrete operation of the gate driver 5' will be de- 
scribed as below. Note that the output control signal OE1 
shown in Fig. 37 is supplied to the buffer B connected to 
each input end of the scan lines Cn + 1, Gn+4.... Mean- 
while, the output control signal OE2 is supplied to the 
buffer B connected to each input end of the scan lines 
Gn+2, Gn + 5..., and the output control signal OE3 is sup- 
plied to the buffer B connected to each input end of the 



scan lines Gn+3, Gn+6.... 

[0274] At timing from time tO to time t2 shown in Fig. 42, the 
shift pulse SDI is present in each of the shift registers SR 
connected to the scan lines Gn+1 and Gn+2. Here, first, 
during the period from time tO to time tl, since both of 
the output control signals OE1 and OE2 supplied to the 
buffers B corresponding to the scan lines Gn+1 and Gn+2 
have values "0", both of the buffers B connected to input 
ends of the scan lines Gn+1 and Gn+2 are turned on. 
Thus, data of the shift pulses SDI present in the shift reg- 
isters SR is outputted as the scan signals Gn + 1 out and 
Gn+2 out to the scan lines Gn+1 and Gn+2. Accordingly, 
during the period from time tO to time tl, both of the 
scan lines Gn+1 and Gn+2 can be selected and controlled. 

[0275] Moreover, at the following timing from time tl to time t2, 
the value of the output control signal OE1 is set at "0", but 
the value of the output control signal OE2 is set at "1". 
Therefore, only the buffer B connected to the input end of 
the scan line Gn+1 is turned on. Thus, only the data of 
the shift pulse SDI present in the shift register SR corre- 
sponding to the scan line Gn+1 is outputted to the scan 
line Gn+1. Accordingly, the scan signals Gn+1 out and 
Gn+2 out become as shown in Fig. 42, and thus only the 



scan line Gn+1 is selected. 
[0276] Furthermore, at the following timing from time t2 to time 
t4, the shift register SR is operated in synchronization 
with the clock signal YCLK, and thus the shift pulse SDI 
moves to each of the shift registers SR connected to the 
scan lines Gn+2 and Gn+3. Here, during the period from 
time t2 to time t3, since both of the output control signals 
OE2 and OE3 supplied to the buffers B corresponding to 
the scan lines Gn+2 and Gn+3 have values "0", both of 
the buffers B connected to the input ends of the scan lines 
Gn+2 and Gn+3 are turned on. Thus, the data of the shift 
pulses SDI present in the shift registers SR is outputted as 
the scan signals Gn+2 out and Gn + 3 out to the scan lines 
Gn+2 and Gn+3. Accordingly, during the period from 
time t2 to time t3, both of the scan lines Gn+2 and Gn+3 
can be selected and controlled. Moreover, during the pe- 
riod from time t3 to time t4, the value of the output con- 
trol signal OE2 is set at "0", but the value of the output 
control signal OE3 is set at "1". Therefore, only the buffer 
B connected to the input end of the scan line Gn+2 is 
turned on. Thus, only the data of the shift pulse SDI 
present in the shift register SR corresponding to the scan 
line Gn+2 is outputted to the scan line Gn+2. Accord- 



ingly, the scan signals Gn+2 out and Gn+3 out become as 
shown in Fig. 42, and thus only the scan line Gn+2 is se- 
lected. 

[0277] | n sucn a manner as described above, the scan signals 
Gn+1 out, Gn+2 out, Gn+3 out... can be generated. 
Therefore, in this sixth embodiment, the pixels can be 
driven similarly to the fifth embodiment. Specifically, since 
both of the scan lines Gn + 1 and Gn+2 are selected during 
the period from time tO to time tl, the potential Vail is 
supplied from the signal line Dm to the pixel electrode 
All as shown in Fig. 38. Moreover, only the scan line 
Gn+1 is selected during the period from time tl to time 
t2, and thus the potential Vbll is supplied from the signal 
line Dm to the pixel electrode Bll as shown in Fig. 39. 

[0278] Furthermore, during the period from time t2 to time t3, 
both of the scan lines Gn+2 and Gn + 3 are selected, and 
thus the potential Veil inverse to the potential Vbll in 
polarity is supplied from the signal line Dm to the pixel 
electrode Cll. Moreover, during the period from time t3 
to time t4, only the scan line Gn+2 is selected, and thus 
the potential Vdll is supplied from the signal line Dm to 
the pixel electrode Dll. Accordingly, the liquid crystal 
display device 1 can be driven as a display device of a line 



inversion drive, in which the polarity is inverted for every 
row. 

[0279] As described above, in this sixth embodiment, the shift 
pulse SDI having the time width of twice the clock signal 
YCLK can be driven favorably by the three systems of out- 
put control lines OE. 

[0280] N 0 te that, instead of the sixth embodiment, another em- 
bodiment may be adopted, in which a shift pulse SDI hav- 
ing a time width of m times (m: natural number of 2 or 
more) the clock signal YCLK is controlled by n systems of 
output control lines OE, the number n being larger than 
m. 

[0281] As described above, according to the present invention, 
the selection signals can be supplied to the multiplexed 
pixels efficiently, and determination can be efficiently 
made the timing of precharge, and the drive waveforms 
and method of pixels. 



